A study of the behavioural response of whales to the noise of seismic air guns: Design, methods and progress by Cato, Douglas H. et al.
88 - Vol. 41, No. 1, April 2013                                                                                                        Acoustics Australia
$678'<2)7+(%(+$9,285$/5(63216(2)
:+$/(6727+(12,6(2)6(,60,&$,5*816
'(6,*10(7+2'6$1'352*5(66
'RXJODV+&DWR0LFKDHO-1RDG5HEHFFD$'XQORS5REHUW'0F&DXOH\1LFKRODV-*DOHV
&KDQGUD36DOJDGR.HQW+HQGULN.QLHVW'DYLG3DWRQ.&XUW6-HQQHU-RKQ1RDG$PRV/
0DJJL,DLQ03DUQXPDQG$OHF-'XQFDQ
0DULWLPH2SHUDWLRQV'LYLVLRQ'HIHQFH6FLHQFHDQG7HFKQRORJ\2UJDQLVDWLRQ6\GQH\16:DQG8QLYHUVLW\RI6\GQH\16:
&HWDFHDQ(FRORJ\DQG$FRXVWLFV/DERUDWRU\6FKRRORI9HWHULQDU\6FLHQFH8QLYHUVLW\RI4XHHQVODQG*DWWRQ4/'
&HQWUHIRU0DULQH6FLHQFHDQG7HFKQRORJ\&XUWLQ8QLYHUVLW\RI7HFKQRORJ\3HUWK:$
$XVWUDOLDQ0DULQH0DPPDO&HQWUH$XVWUDOLDQ$QWDUFWLF'LYLVLRQ.LQJVWRQ7$6
8QLYHUVLW\RI1HZFDVWOH1HZFDVWOH16:
%OXH3ODQHW0DULQH&DQEHUUD$&7
&HQWUHIRU:KDOH5HVHDUFK:$
,1752'8&7,21
)RU PDQ\ \HDUV WKHUH KDV EHHQ ZLGHVSUHDG FRQFHUQ
DERXW WKH HIIHFWV RI WKHQRLVHRI KXPDQDFWLYLWLHVRQPDULQH
PDPPDOV SDUWLFXODUO\ ZKDOHV 7KLV KDV OHG WR D VXEVWDQWLDO
DPRXQWRI UHVHDUFKDQG DVD UHVXOW IDUEHWWHUXQGHUVWDQGLQJ
RI WKH HIIHFWV ,Q VSLWH RI WKLV WKHUH LV VWLOOPXFK WKDW LV QRW
XQGHUVWRRGSDUWLFXODUO\LQWHUPVRIWKHEHKDYLRXUDOUHVSRQVHV
WRQRLVHDQGWKHORQJHUWHUPELRORJLFDOFRQVHTXHQFHVRIWKHVH
UHVSRQVHV%HKDYLRXURIZKDOHVLVGLI¿FXOWWRVWXG\EHFDXVHWKH
ZKDOHVVSHQGVRPXFKWLPHVXEPHUJHGDQGRXWRIVLJKW:KDOHV
QRUPDOO\VKRZDUDQJHRIEHKDYLRXUVVRGHWHUPLQLQJZKHWKHU
DEHKDYLRXUDODFWLRQ LV LQ UHVSRQVH WRQRLVHH[SRVXUHRU MXVW
SDUWRIQRUPDODFWLYLW\LVGLI¿FXOW,WLVJHQHUDOO\UHFRJQLVHGE\
VFLHQWLVWVDQGUHJXODWRUV WKDWDEHKDYLRXUDO UHDFWLRQ WRQRLVH
PD\QRWLQLWVHOIEHDSUREOHPLIWKHUHLVQRVLJQL¿FDQWORQJHU
WHUPHIIHFW7KHFRQFHUQLVDERXWFKDQJHVWKDWKDYHORQJHUWHUP
ELRORJLFDOVLJQL¿FDQFHLQWKDWWKH\DIIHFWWKHOLIHIXQFWLRQVVXFK
DVIHHGLQJEUHHGLQJYLWDOUDWHVHJELUWKUDWHDQGXOWLPDWHO\
WKHKHDOWKRI WKHSRSXODWLRQ >@7KHUH LV OLPLWHGNQRZOHGJH
RIWKHVHDVSHFWVRIZKDOHELRORJ\ZKLFKPDNHVLWSDUWLFXODUO\
GLI¿FXOWWRLQIHUWKHORQJHUWHUPHIIHFWVRIUHVSRQVHVWRQRLVH
,QWKHPHDQWLPHUHJXODWRU\PHDVXUHVKDYHEHHQLPSRVHG
E\PDQ\JRYHUQPHQWVDLPHGDWPLQLPLVLQJWKHLPSDFWVIURP
KXPDQ DFWLYLWLHV DW VHD 7KHVH JHQHUDOO\ UHTXLUH DFWLYLWLHV
WR EH PDQDJHG DFFRUGLQJ WR FHUWDLQ JXLGHOLQHV DQG YDULRXV
PLWLJDWLRQ PHDVXUHV WR EH HPSOR\HG 7KH OLPLWDWLRQV LQ WKH
VFLHQWL¿F NQRZOHGJH RQ ZKLFK WKHVH PHDVXUHV DUH EDVHG
KRZHYHUPHDQVWKDWWKHUHLVVLJQL¿FDQWXQFHUWDLQW\DERXWWKH
HIIHFWLYHQHVVRIWKHJXLGHOLQHVDQGPLWLJDWLRQ0DQDJLQJWKLV
XQFHUWDLQW\XVXDOO\ UHVXOWV LQJUHDWHU OLPLWDWLRQVRQDFWLYLWLHV
WKDQ PLJKW EH WKH FDVH ZLWK EHWWHU NQRZOHGJH ZLWKRXW
QHFHVVDULO\ SURYLGLQJ DGHTXDWH SURWHFWLRQ RI ZKDOHV +HQFH
ZHQHHGQRWRQO\WRLPSURYHRXUXQGHUVWDQGLQJRIWKHLPSDFW
RI QRLVH EXW DOVR WR DVVHVV WKH HIIHFWLYHQHVV RIPDQDJHPHQW
DQGPLWLJDWLRQDQGWRGHYHORSPHWKRGVWKDWSURYLGHDGHTXDWH
SURWHFWLRQRIZKDOHVZKLOHDOORZLQJKXPDQDFWLYLWLHVDWVHDWR
FRQWLQXH
$ZLGHVSUHDGPLWLJDWLRQPHDVXUHIRUDFWLYLWLHVWKDWSURGXFH
KLJKQRLVHOHYHOVLVWRVWDUWZLWKDUHODWLYHO\ORZVRXUFHOHYHO
DQG EXLOG XS WR WKH QRUPDO RSHUDWLRQDO VRXUFH OHYHO RYHU D
SHULRG RI WLPH W\SLFDOO\  WR PLQ7KH LGHD LV WKDW WKLV
ZLOODOHUWWKHZKDOHVDQGWKH\ZLOOPRYHDZD\IURPWKHVRXUFH
WKXVUHGXFLQJWKHLUH[SRVXUHOHYHOZKHQWKHIXOOVRXQGRXWSXW
LVUHDFKHG7KLVLVXVXDOO\FDOOHG³UDPSXS´RU³VRIWVWDUW´EXW
7KH FRQFHUQ DERXW WKH HIIHFWV RI WKH QRLVH RI KXPDQ DFWLYLWLHV RQPDULQHPDPPDOV SDUWLFXODUO\ZKDOHV KDV OHG WR D
VXEVWDQWLDO DPRXQW RI UHVHDUFK EXW WKHUH LV VWLOO PXFK WKDW LV QRW XQGHUVWRRG SDUWLFXODUO\ LQ WHUPV RI WKH EHKDYLRXUDO
UHVSRQVHVWRQRLVHDQGWKHORQJHUWHUPELRORJLFDOFRQVHTXHQFHVRIWKHVHUHVSRQVHV7KHUHDUHPDQ\FKDOOHQJHVLQFRQGXFWLQJ
H[SHULPHQWVWKDWDGHTXDWHO\DVVHVVEHKDYLRXUDOUHDFWLRQVRIZKDOHVWRQRLVH7KHVHLQFOXGHWKHQHHGWRREWDLQDQDGHTXDWH
VDPSOHVL]HZLWKWKHQHFHVVDU\FRQWUROVDQGWRPHDVXUHWKHUDQJHRIYDULDEOHVOLNHO\WRDIIHFWWKHREVHUYHGUHVSRQVH$QDO\VLV
LVDOVRFRPSOH[:HOOGHVLJQHGH[SHULPHQWVDUHFRPSOH[DQGORJLVWLFDOO\GLIILFXOWDQGWKXVH[SHQVLYH7KLVSDSHUGLVFXVVHV
WKHFKDOOHQJHVLQYROYHGDQGKRZWKHVHDUHEHLQJPHWLQDPDMRUVHULHVRIH[SHULPHQWVLQ$XVWUDOLDQZDWHUVRQWKHUHVSRQVH
RIKXPSEDFNZKDOHVWRWKHQRLVHRIVHLVPLFDLUJXQDUUD\V7KHSURMHFWLVNQRZQDV%5$+66%HKDYLRXUDO5HVSRQVHRI
$XVWUDOLDQ+XPSEDFNZKDOHVWR6HLVPLF6XUYH\VDQGDLPVWRSURYLGHWKHLQIRUPDWLRQWKDWZLOODOORZVHLVPLFVXUYH\VWR
EHFRQGXFWHGHIILFLHQWO\ZLWKPLQLPDOLPSDFWRQZKDOHV,WDOVRLQFOXGHVDVWXG\RIWKHUHVSRQVHWRUDPSXSLQVRXQGOHYHO
ZKLFKLVZLGHO\XVHGDWWKHVWDUWRIRSHUDWLRQVEXWIRUZKLFKWKHUHLVOLWWOHLQIRUPDWLRQWRVKRZWKDWLWLVHIIHFWLYH%5$+66
DOVRDLPVWRLQIHUWKHORQJHUWHUPELRORJLFDOVLJQLILFDQFHRIWKHUHVSRQVHVIURPWKHUHVXOWVDQGWKHNQRZOHGJHRIQRUPDO
EHKDYLRXU7KHUHVXOWVDUHH[SHFWHGWRKDYHUHOHYDQFHWRRWKHUVRXUFHVDQGVSHFLHV
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H[SHULPHQWDOHYLGHQFHWRVKRZWKDWWKLVLVHIIHFWLYHLVODFNLQJ
7KLV SDSHU GLVFXVVHV KRZ ZH DUH DSSURDFKLQJ WKHVH
FKDOOHQJHV LQ D SURMHFW NQRZQ DV %5$+66 %HKDYLRXUDO
5HVSRQVH RI $XVWUDOLDQ +XPSEDFN ZKDOHV WR 6HLVPLF
6XUYH\V $OWKRXJK LW DGGUHVVHV WKH UHVSRQVH RI KXPSEDFN
ZKDOHV WR WKH QRLVH RI VHLVPLF DLU JXQ DUUD\V LW LV H[SHFWHG
WKDWWKHH[SHULPHQWDOGHVLJQZLOODOORZWKHUHVXOWVWREHPRUH
JHQHUDOO\DSSOLFDEOHWRRWKHUW\SHVRIKLJKOHYHOVRXUFHVDQGWR
RWKHUVSHFLHV,WDLPVWRUHGXFHWKHXQFHUWDLQW\LQHYDOXDWLQJWKH
LPSDFWVRQZKDOHVRIQRLVHIURPKXPDQDFWLYLWLHVE\DVVHVVLQJ
WKHUHVSRQVHRIZKDOHVWRYDULRXVVL]HVRIDLUJXQDUUD\VXSWR
DIXOOFRPPHUFLDODUUD\%5$+66DOVRDLPVWRGHWHUPLQHKRZ
WKHZKDOHV UHDFW WR UDPSXSRU VRIW VWDUW XVHG DW WKH VWDUW RI
VXUYH\VDQGKRZHIIHFWLYHWKLVLVDVDPLWLJDWLRQPHDVXUH,W
LQYROYHVDVHULHVRIIRXUPDMRUH[SHULPHQWVDWVHDRIIWKHHDVW
DQGZHVWFRDVWVRI$XVWUDOLD7KLVSDSHUGHVFULEHVWKHRYHUDOO
SODQ RI %5$+66 WKH H[SHULPHQWDO GHVLJQ WKH DSSURDFK WR
DQDO\VLVDQGWKHH[SHULPHQWVFRQGXFWHGVRIDU
7KHVWXG\RIWKHHIIHFWVRIQRLVHRQZKDOHVLVLQWHUGLVFLSOLQDU\
FRYHULQJ D UDQJH RI WKH ELRORJLFDO DQG SK\VLFDO VFLHQFHV
$QLPDO EHKDYLRXU PDPPDO KHDULQJ DQG DXGLWRU\ SHUFHSWLRQ
SRSXODWLRQG\QDPLFVPDULQHPDPPDOELRORJ\RFHDQDFRXVWLF
SURSDJDWLRQ DPELHQW VHD QRLVH VRXQG JHQHUDWLRQ DQG VLJQDO
GHWHFWLRQDUHVRPHRIWKHGLVFLSOLQHVWKDWQHHGWREHGUDZQRQ
7KH LQYHVWLJDWRUV LQYROYHG DOVR QHHG WR EH YHU\ H[SHULHQFHG
LQ FRQGXFWLQJ VWXGLHV ZLWK ZKDOHV DW VHD DQG LQ XQGHUZDWHU
DFRXVWLFPHDVXUHPHQWV7KHDSSURDFKWRH[SHULPHQWDOVWXGLHVLQ
ELRORJ\DQGSK\VLFVDUHGLIIHUHQWDQGWKHVHQHHGWREHPHUJHG
LQDQ\H[SHULPHQWDOVWXG\)RUH[DPSOHSK\VLFLVWVWHQGWRKDYH
OLPLWHGXQGHUVWDQGLQJRIWKHVLJQL¿FDQFHRILQGLYLGXDOYDULDWLRQ
RIDQLPDOVDQGWKHQHHGWRVDPSOHDQXPEHURILQGLYLGXDOVDV
ZHOODVLQFOXGLQJFRQWUROVLQWKHH[SHULPHQWDOGHVLJQ%LRORJLVWV
WHQG WR KDYH OLPLWHG XQGHUVWDQGLQJ RI WKH SURFHVVHV DQG
VLJQL¿FDQFHRIHUURUVRISK\VLFDOPHDVXUHPHQWV7KH%5$+66
WHDPLQFOXGHVH[SHUWVIURPWKHUDQJHRIGLVFLSOLQHVUHTXLUHGDQG
ZLWKWKHH[SHULHQFHLQZRUNLQJZLWKZKDOHVDWVHDLQEHKDYLRXUDO
DQGDFRXVWLFVWXGLHV
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7KHUH DUH YDULRXV OHYHOV RI LPSDFW RI QRLVH RQ ZKDOHV
$OWKRXJKLWKDVEHHQVWDWHGWKDWSK\VLRORJLFDOHIIHFWVDUHSRVVLEOH
IRUZKDOHVH[SRVHGWRYHU\KLJKQRLVHOHYHOVDVZKHQYHU\FORVH
WRDKLJKOHYHOVRXUFHWKHUHLVOLWWOHHYLGHQFHRIWKLVLQSUDFWLFHIRU
VRXUFHVRWKHUWKDQH[SORVLRQVZKHUHWKHVKRFNZDYHFDQFDXVH
WUDXPD DQG GHDWK >@ ,W LV DSSDUHQW KRZHYHU WKDW WHPSRUDU\
WKUHVKROGVKLIW776LQKHDULQJVHQVLWLYLW\LVSRVVLEOHIRUDUDQJH
RIVRXUFHVDQGFRQGLWLRQVEDVHGRQZKDWLVNQRZQDERXWWKHQRLVH
H[SRVXUH OHYHOV UHTXLUHG WR LQGXFH776DQG WKHH[SHFWHGQRLVH
H[SRVXUH LQ WKHRFHDQ776UHVXOWV LQDVKRUW WHUPUHGXFWLRQ LQ
KHDULQJVHQVLWLYLW\DQG LVQRWKDUPIXOXQOHVV LWRFFXUVUHJXODUO\
IRUORQJSHULRGVRIWLPH776LQKXPDQVDQGODERUDWRU\PDPPDOV
KDVEHHQH[WHQVLYHO\VWXGLHG>@DQGWKHUHKDYHEHHQDQXPEHU
RI H[SHULPHQWDO VWXGLHV ZLWK VPDOO ZKDOHV HJ GROSKLQV DQG
VHDOVLQFDSWLYLW\UHYLHZHGLQUHI7KHVHVKRZDFRQVLVWHQF\
DFURVV D ZLGH UDQJH RI WD[D ZKHQ FRPSDUHG LQ WHUPV RI WKH
HVWLPDWHGVRXQGOHYHOVLQWKHFRFKOHDRULQQHUHDUZKHUHDXGLWRU\
VHQVLQJRFFXUVIRUWKHRQVHWRI7767KHOHYHOUHTXLUHGWRFDXVH
SHUPDQHQWKHDULQJORVVSHUPDQHQWWKUHVKROGVKLIWRU376IURP
VKRUWWHUPH[SRVXUHLVVXEVWDQWLDOO\KLJKHUWKDQWKHH[SRVXUHWR
SURGXFH776,QDQH[WHQVLYHUHYLHZRIHIIHFWVRIQRLVHRQPDULQH
PDPPDOVWRGHYHORSDVHWRIQRLVHFULWHULDLQFOXGLQJLQIRUPDWLRQ
DERXWKHDULQJLQRWKHUPDPPDOV6RXWKDOOHWDO>@FKRVHWKHOHYHO
WRFDXVHG%RI776DVWKHFULWHULRQIRURQVHWRI376DVDUHVXOW
RIWKHH[SRVXUH7KH\QRWHGWKDWWKLVZDVYHU\FRQVHUYDWLYH7KH
YHU\KLJKQRLVHOHYHOVOLNHO\WRFDXVHSHUPDQHQWKHDULQJGDPDJH
IURPVKRUWWHUPH[SRVXUHWRQRLVHZRXOGUHTXLUHDZKDOHWREHVR
FORVHWRDVRXUFHWKDWLWZRXOGRFFXUUDUHO\LQSUDFWLFH
$QDSSURDFKWDNHQLQPDQDJLQJQRLVHLPSDFWLVWRGHVLJQ
SURFHGXUHVWKDWOLPLWH[SRVXUHWROHYHOVEHORZWKRVHOLNHO\WR
FDXVH776WKXVSURYLGLQJDVXEVWDQWLDOVDIHW\PDUJLQDJDLQVW
SHUPDQHQW KHDULQJ GDPDJH VHH IRU H[DPSOH WKH$XVWUDOLDQ
6HLVPLF*XLGHOLQHV DQG WKH EDFNJURXQG SDSHU WR WKHVH >@
0DQDJHPHQW UHTXLUHV REVHUYDWLRQV RIZKDOHV LQ WKH YLFLQLW\
RIWKHVRXUFHYHVVHODQGVXEVHTXHQWVKXWGRZQRIWKHVRXUFH
RU UHGXFWLRQ LQ VRXUFH OHYHO ZKHQ ZKDOHV FRPH ZLWKLQ D
SUHVFULEHGGLVWDQFHEDVHGRQDYRLGLQJ776
%HKDYLRXUDO UHVSRQVHV RI ZKDOHV WR QRLVH FDQ RFFXU DW
PXFK ORZHU OHYHOVDQG WKXVDW VLJQL¿FDQWO\JUHDWHUGLVWDQFHV
WKDQKLJKOHYHOHIIHFWVVXFKDV776)RUH[DPSOHKXPSEDFN
ZKDOHV KDYH EHHQ IRXQG WR UHDFW WR SOD\EDFN RI WRQHV HYHQ
ZKHQ UHFHLYHG OHYHOVDUHFORVH WR WKRVHRIEDFNJURXQGQRLVH
>@,WPLJKWEHVDLGWKDWLIDZKDOHFDQKHDUDVRXUFHWKHUHLVWKH
SRWHQWLDOIRULWWRUHDFW%HKDYLRXUDOHIIHFWVDUHWKHUHIRUHPRUH
GLI¿FXOWWRPDQDJHEHFDXVHWKH\FDQRFFXUDWODUJHGLVWDQFHV
*HQHUDOO\ KRZHYHU LW LV DFFHSWHG E\ VFLHQWLVWV DQG
UHJXODWRUVWKDWWKHEHKDYLRXUDOUHVSRQVHVRIFRQFHUQDUHWKRVH
WKDW DUH OLNHO\ WR KDYH ORQJHU WHUP ELRORJLFDO FRQVHTXHQFHV
6XFKUHVSRQVHVDUHXVXDOO\UHIHUUHGWRDVEHLQJ³ELRORJLFDOO\
VLJQL¿FDQW´ )RU H[DPSOH LI DZKDOH VKRZHG D UHDFWLRQ WKDW
ODVWHG IRU D VKRUW SHULRG EXW WKHQ UHVXPHG QRUPDO DFWLYLWLHV
VRRQ DIWHU WKLV ZRXOG QRW EH FRQVLGHUHG WR EH ELRORJLFDOO\
VLJQL¿FDQW6RPHH[DPSOHVRIELRORJLFDOO\VLJQL¿FDQWHIIHFWV
DUHDORQJWHUPGHFUHDVHLQWKHVL]HRIDSRSXODWLRQIUDJPHQWLQJ
DQH[LVWLQJSRSXODWLRQDGYHUVHO\DIIHFWLQJKDELWDWFULWLFDOWRWKH
VXUYLYDORIDVSHFLHVRUGLVUXSWLRQRIWKHEUHHGLQJF\FOHRID
SRSXODWLRQ7KH$XVWUDOLDQ*RYHUQPHQWKDVSXEOLVKHGDVHWRI
JXLGHOLQHVXQGHUWKH(QYLURQPHQW3URWHFWLRQDQG%LRGLYHUVLW\
&RQVHUYDWLRQ$FW(3%&WRDVVLVWLQGHWHUPLQLQJ
ZKDWLVDVLJQL¿FDQWLPSDFW>@
'HWHUPLQLQJ ZKDW UHVSRQVHV DUH ELRORJLFDOO\ VLJQL¿FDQW
IRUZKDOHVLVYHU\GLI¿FXOW$ZRUNLQJJURXSRIH[SHUWVXQGHU
WKHDXVSLFHVRIWKH1DWLRQDO5HVHDUFK&RXQFLORIWKH1DWLRQDO
$FDGHPLHV RI WKH86$H[DPLQHG WKLV LQ GHSWK WR GHWHUPLQH
KRZUHVSRQVHV WRQRLVHPD\UHVXOW LQELRORJLFDOO\VLJQL¿FDQW
HIIHFWV>@7KH\SURGXFHGDIUDPHZRUNRIDPRGHONQRZQDV
3&$' 3RSXODWLRQ &RQVHTXHQFHV RI $FRXVWLF 'LVWXUEDQFH
WKDWOLQNHGWKHLQLWLDOQRLVHH[SRVXUHLQVWHSVWKURXJKWRHIIHFWV
DWSRSXODWLRQOHYHOKRZHYHUWKHUHLVOLWWOHLQIRUPDWLRQDYDLODEOH
RQVRPHRIWKHVWHSVUHTXLUHG
%5$+66(;3(5,0(17$/$3352$&+
)DFWRUVDIIHFWLQJEHKDYLRXUDOUHVSRQVHV
%LRORJLFDOV\VWHPVDUHIDUPRUHFRPSOLFDWHGWKDQSK\VLFDO
V\VWHPVDQGWKHGHWHUPLQLVWLFDSSURDFKRIWKHSK\VLFDOVFLHQFHV
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KDV OLPLWHG HIIHFWLYHQHVV LQ ELRORJLFDO H[SHULPHQWDWLRQ
,QGLYLGXDO DQLPDOV RI WKH VDPH SRSXODWLRQ YDU\ LQ WKHLU
FKDUDFWHULVWLFV &RQVHTXHQWO\ WKHLU UHVSRQVHV WR D VWLPXOXV
ZKHWKHULWLVH[SRVXUHWRQRLVHLQWKHRFHDQRUDSSOLFDWLRQRID
QHZGUXJLQPHGLFDOWULDOVJHQHUDOO\YDU\VLJQL¿FDQWO\EHWZHHQ
LQGLYLGXDOV0DQ\RIWKHIDFWRUVDIIHFWLQJWKLVYDULDWLRQPD\QRW
EHNQRZQ7KHZHOOHVWDEOLVKHGH[SHULPHQWDOSURWRFROWRGHDO
ZLWKWKLVLQYROYHVWKHXVHRIDODUJHQXPEHURILQGLYLGXDOVWKH
VDPSOH7KHUHVXOWVRIWKHH[SHULPHQWFDQWKHQEHH[SUHVVHG
LQ WHUPV RI D VWDWLVWLFDO GLVWULEXWLRQ RI LQGLYLGXDO UHVSRQVHV
ZKLFKLVDVVXPHGWREHUHSUHVHQWDWLYHRIWKHZKROHSRSXODWLRQ
,Q DGGLWLRQ WKH H[SHULPHQWV DUH FRQGXFWHG ZLWKRXW WKH
VWLPXOXVEXWRWKHUZLVHLGHQWLFDOLQHYHU\ZD\SRVVLEOH7KHVH
DUH UHIHUUHG WRDV WKH³FRQWUROV´$VVHVVPHQWRI WKHUHVSRQVH
LQYROYHVDVWDWLVWLFDOFRPSDULVRQRIWKHUHVSRQVHGLVWULEXWLRQV
IRUWKHVWLPXOXVZLWKWKRVHIRUWKHFRQWUROV7KHWHUPLQRORJ\
XVHG FRPHV IURP WHVWLQJPHGLFDO WUHDWPHQWV WKH VWLPXOXV LV
XVXDOO\UHIHUUHGWRDVWKH³WUHDWPHQW´DQGXVXDOO\WKHUHZLOOEH
DQDWWHPSWWRREWDLQDGRVHUHVSRQVHLHDUHODWLRQVKLSEHWZHHQ
WKHUHVSRQVHDQGWKHOHYHORIGRVHZKLFKPD\EHWKHUHFHLYHG
OHYHOLQQRLVHH[SRVXUH
,QWHUPVRIQRLVHH[SRVXUHKLJKVRXQGOHYHOLPSDFWVVXFK
DV776 FDQ EH FORVHO\ UHODWHG WR UHFHLYHG VRXQG OHYHOV DQG
GXUDWLRQV >@ HYHQ WKRXJK WKHUH LV OLNHO\ WR EH VLJQL¿FDQW
LQGLYLGXDOYDULDWLRQ%HKDYLRXUDOUHVSRQVHVRQWKHRWKHUKDQG
DUHOLNHO\WREHDIIHFWHGE\PDQ\RWKHUIDFWRUV7KHUHFHSWLRQ
RIWKHVRXQGPD\EHSUHGRPLQDQWO\ZKDWDOHUWVWKHZKDOHEXW
ZKHWKHU LW UHDFWVPD\ QRW EH VLPSO\ UHODWHG WR WKH UHFHLYHG
VRXQG OHYHO 7KH DFRXVWLFDO FKDUDFWHULVWLFV RI WKH UHFHLYHG
QRLVH HJ VSHFWUDO VKDSH GLVWULEXWLRQ RI HQHUJ\ DFURVV WKH
IUHTXHQF\ EDQG PD\ DOVR EH D VLJQL¿FDQW IDFWRU EXW WKHUH
LVDUDQJHRIQRQDFRXVWLFIDFWRUVWKDWPD\DOVREHLPSRUWDQW
,IIRUH[DPSOHZKDOHVUHDFWLQRUGHUWRDYRLGWKHVRXUFHWKH
UHVSRQVHPD\GHSHQGRQKRZFORVH WKH VRXUFH LV DQGZKLFK
ZD\ WKH VRXUFH LVPRYLQJ UHODWLYH WR WKHZKDOH &RZVZLWK
FDOYHVDUHPRUHOLNHO\WREHVHQVLWLYHWRDQWKURSRJHQLFQRLVH
WKDQPDOHV DQG WKXVPRUH OLNHO\ WR UHDFW HVSHFLDOO\ LI WKH\
LQWHUSUHW WKH QRLVH DV D WKUHDW 7KH DPRXQW RI EHKDYLRXUDO
LQWHUDFWLRQEHWZHHQ LQGLYLGXDOV DW WKH WLPHRI H[SRVXUHPD\
DOVRDIIHFWWKHUHVSRQVH:KDOHVWKDWDUHSUHRFFXSLHGZLWKFORVH
LQWHUDFWLRQPD\QRWUHDFWDVUHDGLO\DVZKDOHVWKDWDUHQRW6XFK
LQWHUDFWLRQZRXOGLQFOXGHDFRXVWLFFRPPXQLFDWLRQDVZHOODV
RWKHUSK\VLFDOLQWHUDFWLRQDQGUHVSRQVHVPD\LQFOXGHFKDQJHV
LQYRFDOLVDWLRQV7KHSUHVHQFHRIRWKHUVRXUFHVRIQRLVHVXFK
DVERDWVRUVKLSVPD\DOVRKDYHDQHIIHFW$PELHQWQRLVHOHYHOV
LQWKHRFHDQYDU\RYHUDUDQJHRIDWOHDVWG%>@VRWKH
UHFHLYHGOHYHODWZKLFKDQRLVHVRXUFHLVGHWHFWDEOHZLOODOVR
YDU\E\G%+HQFHDWWHPSWVWRUHODWHUHVSRQVHVVLPSO\WR
UHFHLYHG OHYHOVPD\JLYH UHVXOWV WKDW GHSHQGRQ WKH DPELHQW
QRLVHOHYHODWWKHWLPH
7KHIDFWWKDWZHFDQLGHQWLI\DUDQJHRIYDULDEOHVWKDWDUH
OLNHO\WRDIIHFW WKHUHVSRQVHDOORZVXVWREXLOGWKHVHLQWRWKH
%5$+66H[SHULPHQWDO GHVLJQ 7KH DLP LV WRREWDLQ DGRVH
UHVSRQVHQRWMXVWLQWHUPVRIWKHUHFHLYHGQRLVHOHYHOEXWDOVR
LQWHUPVRIWKHVHRWKHUIDFWRUVGLVFXVVHGDERYH,QWKHSURFHVV
ZHH[SHFWWRGHWHUPLQHZKLFKRIWKHVHOLNHO\IDFWRUVDUHRIPRVW
VLJQL¿FDQFHLQWKHUHVSRQVH8QGHUVWDQGLQJUHVSRQVHWRQRLVH
H[SRVXUHLQWHUPVRIWKHPDLQIDFWRUVDIIHFWLQJWKHUHVXOWVZLOO
DOORZPRUHHIIHFWLYHPDQDJHPHQWDQGPLWLJDWLRQPHDVXUHVWR
EHGHVLJQHGWKDQPLJKWEHWKHFDVHZLWKVLPSO\FRQ¿QLQJWKH
VWXG\WRGHSHQGHQFHRQUHFHLYHGOHYHO
$Q\H[SHULPHQWDWVHDLVGLI¿FXOW7KHRFHDQLVDKRVWLOH
DQGXQIRUJLYLQJHQYLURQPHQW6WXGLHVRIWKHHIIHFWVRIQRLVH
RQ ZKDOHV DUH SDUWLFXODUO\ FRPSOLFDWHG DQG H[SHQVLYH 7KH
ORJLVWLF GLI¿FXOWLHV RI VWXG\LQJ ZKDOHV OLPLW WKH DPRXQW RI
REVHUYDWLRQV WKDW FDQEHPDGHDQG WKXV WKH VDPSOH VL]H WKDW
FDQEHREWDLQHGLQH[SHULPHQWVIRUUHDVRQDEOHFRVW7KHQHHG
WR REWDLQ DQ DGHTXDWH VWDWLVWLFDO VDPSOH KDV WR EH EDODQFHG
DJDLQVW WKHFRVW6RPHVWXGLHVKDYHSURGXFHGUHVXOWVWKDWDUH
LQFRQFOXVLYHEHFDXVHWKHVDPSOHVL]HZDVIRXQGWREHWRRVPDOO
WRSURYLGHVWDWLVWLFDOO\VLJQL¿FDQWUHVXOWV
,Q RUGHU WR GHWHUPLQH WKH VDPSOH VL]H UHTXLUHG LQ WKH
%5$+66 H[SHULPHQWV ZH FRQGXFWHG D VWDWLVWLFDO SRZHU
DQDO\VLVRIDSUHYLRXVH[SHULPHQWLQZKLFKWRQHVDQGKXPSEDFN
ZKDOHVRFLDOVRXQGVKDGEHHQSOD\HGEDFNWRKXPSEDFNZKDOHV
DWWKHHDVWFRDVWVLWH>@)URPWKLVZHZHUHDEOHWRGHWHUPLQH
WKH VDPSOH VL]H UHTXLUHG IRU D KLJK OLNHOLKRRG WKDW LI WKHUH
ZHUH UHDO UHVSRQVHV WKHVHZRXOG EH DSSDUHQW DV VWDWLVWLFDOO\
VLJQL¿FDQW UHVXOWV LQ WKH DQDO\VLV:H KDYH FKRVHQ D VDPSOH
VL]H RI  IRU HDFK WUHDWPHQW DQG IRU HDFK FRQWURO ZKLFK
SURYLGHVDQDGHTXDWHDPRXQWEDVHGRQWKHSRZHUDQDO\VLV>@
$XVWUDOLDQKXPSEDFNZKDOHV
2IWKHPDQ\VSHFLHVRIZKDOHVLQWKH$XVWUDOLDQUHJLRQWKH
EHVWVWXGLHGDQGWKHRQHPRVWOLNHO\WREHH[SRVHGWRVHLVPLF
DQG RWKHU DQWKURSRJHQLF VRXUFHV LV WKH KXPSEDFN ZKDOH
7KHVHPLJUDWHDQQXDOO\EHWZHHQWKHLUIHHGLQJJURXQGVLQWKH
6RXWKHUQ2FHDQDQGWKHEUHHGLQJJURXQGVLQVKDOORZWURSLFDO
ZDWHUV ZLWKLQ WKH *UHDW %DUULHU 5HHI RQ WKH HDVW FRDVW DQG
WKH1RUWKZHVW6KHOIRQ WKHZHVWFRDVW >@'XULQJ WKHLU
PLJUDWLRQV WKH\SDVVDORQJ WKHHDVWDQGZHVWFRDVW OLQHV IRU
WKRXVDQGVRINLORPHWUHV7KHVHDUHWZRVHSDUDWHSRSXODWLRQV
DQG WKH ODWHVW HVWLPDWHV RI SRSXODWLRQ VL]HV ZLWK 
FRQ¿GHQFHLQWHUYDOVLQEUDFNHWVDUH±
IRUWKHHDVWFRDVWLQ>@DQG±
>@ DQG   ±  >@ ERWK IRU WKH ZHVW
FRDVWLQ7KHVHDUHOLNHO\WREHVLJQL¿FDQWO\ODUJHUQRZ
LI WKH ORQJWHUP LQFUHDVHV RI EHWZHHQ  DQG KDV EHHQ
VXVWDLQHG7KHUHLVVXEVWDQWLDOLQIRUPDWLRQRQPDQ\DVSHFWVRI
OLIHKLVWRU\DQGELRORJ\VXFKDVELUWKUDWHDQGDJHWRPDWXULW\
REWDLQHG IURP WKH H[DPLQDWLRQV RI WKRXVDQGV RI LQGLYLGXDOV
RI WKHVH SRSXODWLRQV DW ZKDOLQJ VWDWLRQV GXULQJ WKH  WR
 ZKDOLQJ SHULRG >@ 7KHUH KDYH EHHQ PDQ\ VWXGLHV
RI WKH DFRXVWLFV DQG EHKDYLRXU IRU ERWK HDVW DQGZHVW FRDVW
SRSXODWLRQV DQG VRPH VWXGLHV RI UHVSRQVH WR SOD\EDFN IRU
H[DPSOHUHIHUHQFHV±7KXVZHKDYHDZHDOWKRI
LQIRUPDWLRQRQQRUPDOEHKDYLRXULHLQWKHDEVHQFHRIDLUJXQ
VRXQGVDQGWKHXVHRIVRXQGE\WKHZKDOHVWRSXWWKHREVHUYHG
UHVSRQVHV LQ WKH FRQWH[W RI QRUPDO EHKDYLRXU$Q DGYDQWDJH
RIZRUNLQJZLWKPLJUDWLQJZKDOHV LV WKDW QHZZKDOHV FRPH
SDVWHDFKGD\VR WKHUH LV OLWWOHFKDQFHRI LQFOXGLQJ WKHVDPH
LQGLYLGXDOWZLFHLQDQH[SHULPHQW
&RQVLGHUDWLRQVRIWKHVRXUFHXVHGLQWKHH[SHULPHQWV
$VHLVPLFVXUYH\LQYROYHVWKHWRZLQJRIDODUJHDUUD\RIDLU
JXQVRXUFHVZKLFKDUH¿UHGDWUHJXODU LQWHUYDOV(DFKVRXUFH
SURGXFHVDQLPSXOVLYHVRXQGZKHQFRPSUHVVHGDLUZLWKLQWKH
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DLUJXQLVUHOHDVHGLQWRWKHZDWHU7KLVLVDYHU\HI¿FLHQWW\SH
RIVRXUFHJHQHUDOO\PRQRSROHLQQDWXUH7KHEXEEOHSURGXFHG
RVFLOODWHVZLWKGHFD\LQJDPSOLWXGHIROORZLQJWKH¿UVWLPSXOVH
7KH DLU JXQV LQ WKH DUUD\ DUH VSDWLDOO\ VHSDUDWHG DQG ¿UHG
FRKHUHQWO\ WR GLUHFW WKH HQHUJ\ GRZQZDUGV EXW D VLJQL¿FDQW
DPRXQW DOVR UDGLDWHV QHDU KRUL]RQWDOO\ LH WRZDUGV D GLVWDQW
UHFHLYHU ,Q RUGHU WR XQGHUVWDQG WKH UHVSRQVHV RI ZKDOHV WR
DLUJXQVVRXUFHVDQGWKHHIIHFWLYHQHVVRIUDPSXSWKHSURMHFW
LQFOXGHVH[SRVXUHWRDUDQJHRIVRXUFHVIURPDVLQJOHVPDOODLU
JXQRIFXLQFXELFLQFKFDSDFLW\W\SLFDORIWKHVPDOOHVW
XVHGLQVXUYH\VWRSURJUHVVLYHO\ODUJHUVRXUFHVRIPXOWLSOHDLU
JXQVXSWRDIXOOVHLVPLFDUUD\VHYHUDOWKRXVDQGFXELFLQFKHV
6XFKDUDQJHRIH[SRVXUHVKHOSVDYRLGSVHXGRUHSOLFDWLRQLQWKH
QDWXUHRI WKH VWLPXOXV >@ ZKHUHZHGHFUHDVH WKH ULVN WKDW
EHKDYLRXUV REVHUYHG DUH RQO\ LQ UHVSRQVH WR RQH SDUWLFXODU
VL]HRUW\SHRIDLUJXQDUUD\DQGDOVRDOORZVXVWRXQGHUVWDQG
KRZZKDOHVUHDFW WR WKHFRPSRQHQWVRIUDPSXS7KLV OHG WR
WKHGHVLJQRIDVPDOODUUD\ZLWKIRXUVWDJHVRIUDPSXSIRXU
UDGLDWHGOHYHOV
5DPSXSDWWKHEHJLQQLQJRIDVHLVPLFVXUYH\W\SLFDOO\VWDUWV
ZLWKWKHVPDOOHVWDLUJXQRQO\DQGWKHQDGGLWLRQDODLUJXQVDUH
DGGHGLQVWHSVXSWRWKHIXOODUUD\RYHUDSHULRGRI±PLQ
7\SLFDODUUD\VFRQWDLQWHQVRIDLUJXQVVRWKHUHPD\EHPDQ\
VWHSV&RQVLGHUDEOHDQDO\VLVZHQW LQWR WKHGHVLJQRI WKHDUUD\
XVHGIRUIRXUVWDJHVRI UDPSXS)LUVWO\ WKLV LQYROYHGDQDO\VLV
RI WKH UDPSXS XVHG LQ VXUYH\V DQG WKHQ PRGHOOLQJ RI WKH
KRUL]RQWDOVRXQG¿HOGSURGXFHG>@,WZDVDSSDUHQWWKDWWKHUH
LVVLJQL¿FDQWYDULDWLRQLQUDPSXSXVHGLQVXUYH\VLQWHUPVRIWKH
WLPHEHWZHHQVWHSVLQUDGLDWHGOHYHODQGWKHLQFUHDVHLQOHYHODW
HDFKVWHS8VXDOO\WKHUHDUHPDQ\VWHSVRYHUWKH±PLQRI
UDPSXSDQGWKLVPHDQVWKDWWKHLQFUHDVHLQOHYHODWHDFKVWHSLV
OHVVWKDQG%WKRXJKWKHUHDUHVRPHH[FHSWLRQV
7KHDELOLW\RIPDPPDOVWRGHWHFWGLIIHUHQFHVLQVRXQGOHYHO
LHWRSHUFHLYHGLIIHUHQFHVLQORXGQHVVLVNQRZQDVORXGQHVV
GLVFULPLQDWLRQ)RUKXPDQV WKHPLQLPXPGHWHFWDEOHFKDQJH
LQOHYHOPHDVXUHGE\SUHVHQWLQJVXFFHVVLYHVRXQGVDOWHUQDWLQJ
EHWZHHQ WZR OHYHOV YDULHV IURPDERXW  WR  G% IRUPRVW
GDWD>@6LQFHWKHFKDQJHVLQOHYHORIWKHQHDUKRUL]RQWDOO\
UDGLDWHGVRXQGEHWZHHQUDPSXSVWHSVDUHJHQHUDOO\ZLWKLQWKLV
UDQJHRUQRWPXFKODUJHU WKH\PD\EHWRRORZWREHQRWLFHG
E\DPDPPDO:HGRQRWKDYHPHDVXUHPHQWVRIWKHDELOLW\RI
KXPSEDFNZKDOHVWRGLVFULPLQDWHGLIIHUHQFHVLQOHYHOWKRXJK
WKHLU VRXQGVKDYH IUHTXHQF\DQG WHPSRUDO UDQJHV WKDW DUHRI
WKH VDPH RUGHU DV WKRVH RI KXPDQV DV RSSRVHG WR GROSKLQ
VRXQGVIRUH[DPSOHZKHUHWKHVHUDQJHVDUHPXFKGLIIHUHQW
,IWKHGLVFULPLQDWLRQDELOLW\RIKXPSEDFNZKDOHVLVVLPLODUWR
WKDWRIKXPDQVWKH\ZRXOGEHXQOLNHO\WRQRWLFHWKHLQFUHDVH
LQ UHFHLYHG OHYHO W\SLFDOO\ XVHG LQ UDPSXS:KLOH ZHPD\
QRW KDYH WKLV LQIRUPDWLRQ IRU KXPSEDFNZKDOHV WKHUH LV QR
UHDVRQWRVXJJHVWWKDWWKHLUGLVFULPLQDWLRQDELOLW\VKRXOGGLIIHU
VLJQL¿FDQWO\ IURPWKDWRIRWKHUPDPPDOVVR WKDW WKH\ZRXOG
QRWLFH VXFK VPDOO LQFUHDVHV LQ VRXQG OHYHO )RU WKH DERYH
UHDVRQVZHFKRVH WRGHVLJQ DQ DUUD\ WKDWZRXOGSURGXFH DQ
LQFUHDVHLQOHYHORIQRPLQDOO\G%SHUVWHSRIUDPSXSVLQFH
WKHH[SHFWDWLRQLVWKDWWKLVZRXOGEHVXI¿FLHQWIRUDPDPPDO
WRWDNHQRWLFH$QDUUD\GHVLJQZDVGHYHORSHGXVLQJDSK\VLFV
EDVHGQXPHULFDOPRGHOWRSUHGLFWWKHVRXQGRXWSXWWKDWLQFOXGHG
WKHHIIHFWVRILQWHUDFWLRQVEHWZHHQWKHDFRXVWLFSUHVVXUH¿HOG
DQGWKHRVFLOODWLRQRI WKHDLUJXQEXEEOHV7KHUHVXOWLQJDUUD\
KDVIRXUVWDJHVRUWKUHHVWHSVLQOHYHO7KH¿QDOH[SHULPHQWZLOO
XVHDIXOOVHLVPLFDUUD\ZLWKUDPSXSIRUWKDWDUUD\
$OWKRXJK VHLVPLF DUUD\V DUH SKDVHG WR GLUHFW PRVW RI
WKH HQHUJ\ GRZQZDUGV WKHUH ZDV QR QHHG IRU WKLV LQ WKH
H[SHULPHQWDODUUD\,QGHHGLWLVEHWWHUWRDYRLGDQ\GLUHFWLRQDOLW\
LQ WKH UDGLDWHG VRXQG EHFDXVH WKDW ZRXOG LQWURGXFH DQRWKHU
YDULDEOH 2XU PRGHOOLQJ VKRZHG WKDW WKHUH LV GLUHFWLRQDOLW\
LQ WKH KRUL]RQWDO GLUHFWLRQ IURP D IXOO DUUD\ EXW WKH UDWH RI
YDULDWLRQLQWKHKRUL]RQWDOSODQHLVVPDOOHQRXJKWKDWDZKDOH
ZRXOGQRWH[SHULHQFHVLJQL¿FDQWYDULDELOLW\LQUHFHLYHGOHYHODV
WKHEHDULQJRIWKHDUUD\FKDQJHV
7KHGHVLJQUHTXLUHGVL[DLUJXQVGLVSODFHGKRUL]RQWDOO\RQ
WKH SHULPHWHU RI D UHFWDQJOH P LQ WRZGLUHFWLRQ E\ P
DFURVV WRZ GLUHFWLRQ 7KH DLU JXQ FDSDFLWLHV DQG SRVLWLRQV
DUHJLYHQLQ7DEOH$LUJXQFRPELQDWLRQVSURYLGHGWKHIRXU
VWDJHVDQGFXLQ

7DEOH $LU JXQ FDSDFLWLHV DQG SRVLWLRQV LQ WKH DUUD\ UHODWLYH WR D
SRLQWDWWKHDUUD\FHQWUH[LVQHJDWLYHWRWKHUHDURUDIWRIFHQWUHDQG
\LVQHJDWLYHWRWKHOHIW
$LUJXQFDSDFLW\
FXLQ
[SRVLWLRQ
LQWRZGLUHFWLRQ
UHDUUD\FHQWUHP
\SRVLWLRQDFURVVWRZ
UHDUUD\FHQWUHP
  
  
  
  
  
  
%HFDXVHWKHDLUJXQVLJQDOLVLPSXOVLYHPHDVXUHPHQWVDUH
XVXDOO\PDGHLQWHUPVRIWKHLQWHJUDORIWKHDFRXVWLFSUHVVXUH
VTXDUHGRYHUWKHGXUDWLRQRIWKHSXOVH,QWKHIDU¿HOGWKLVLV
SURSRUWLRQDOWRWKHUHFHLYHGDFRXVWLFHQHUJ\MXVWDVWKHPHDQ
VTXDUHSUHVVXUH LVSURSRUWLRQDO WRDFRXVWLF LQWHQVLW\7KLV LV
UHIHUUHGWRDVWKH6RXQG([SRVXUH/HYHO6(/DQGLVGH¿QHG
E\
6(/ ORJW
WSGW 
ZKHUHSLVWKHUHFHLYHGDFRXVWLFSUHVVXUHDQGWKHWLPHSHULRGWWR
WFRYHUVWKHGXUDWLRQRIWKHUHFHLYHGLPSXOVH(TXDWLRQFRXOG
DSSO\WRWKHIXOOEDQGZLGWKRIWKHVLJQDORUWR¿QHUIUHTXHQFLHV
EDQGV
7+(%5$+66(;3(5,0(176
3ODQRIH[SHULPHQWV
7KHUHDUHIRXUPDMRUH[SHULPHQWVLQWKH%5$+66SURMHFW
RYHU WKH SHULRG  WR  (DFK RFFXUV LQ 6HSWHPEHU
DQG 2FWREHU GXULQJ WKH VRXWKERXQGPLJUDWLRQ RI KXPSEDFN
ZKDOHV IURP WKH EUHHGLQJ JURXQGV LQ WURSLFDO ZDWHUV WR WKH
$QWDUFWLF IHHGLQJ JURXQGV %HKDYLRXU GLIIHUV EHWZHHQ WKH
QRUWKERXQGDQGVRXWKERXQGPLJUDWLRQVEXWLQRUGHUWRREWDLQ
DQDGHTXDWH VDPSOH VL]HZHKDG WR OLPLW WKHH[SHULPHQWV WR
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WKH VDPH PLJUDWLRQ 7KH VRXWKERXQG PLJUDWLRQ ZDV FKRVHQ
EHFDXVH LW LQFOXGHV QHZ ERUQ FDOYHV ZKLFK DUH OLNHO\ WR EH
PRUHVXVFHSWLEOHWRDFRXVWLFGLVWXUEDQFHWKDQMXYHQLOHRUDGXOW
ZKDOHV$OVRVRXWKZDUGPLJUDWLQJZKDOHVVKRZDZLGHUUDQJH
RIEHKDYLRXUV
7KH ¿UVW WZR H[SHULPHQWV KDYH EHHQ FRPSOHWHG QHDU
3HUHJLDQ %HDFK RQ WKH VRXWKHUQ FRDVW RI 4XHHQVODQG 7KH
ZKDOHV PLJUDWH FORVH WR VKRUH KHUH DOORZLQJ ODQG EDVHG
REVHUYDWLRQVLQFOXGLQJ¿QHWUDFNLQJRIZKDOHVZLWKWKHRGROLWHV
7KH3HUHJLDQVLWHSURYLGHVKLJKUHVROXWLRQREVHUYDWLRQVEXWLW
LVQRWIHDVLEOHIRUDIXOOVHLVPLFDUUD\WRRSHUDWHWKHUHEHFDXVH
RIWKHSUR[LPLW\RIWKHFRDVW7KHUHPDLQLQJWZRH[SHULPHQWV
ZLOO EH RII:HVWHUQ$XVWUDOLD DQG ZLOO EH IXUWKHU RII VKRUH
DOORZLQJWKHXVHRIDIXOODUUD\EXWWRRIDURIIVKRUHIRUODQG
EDVHGREVHUYDWLRQV7KHDGYDQWDJHRIXVLQJWZRVLWHVLVWKDWLW
LQYROYHV WZR ODUJHO\VHSDUDWHSRSXODWLRQVRIZKDOHVDQG WZR
GLIIHUHQWHQYLURQPHQWV7KLVDOORZVXVWRJHQHUDOLVHWKHUHVXOWV
PRUH WKDQZHFRXOGXVLQJWKHUHVXOWVIURPRQO\RQHVLWHDQG
SRSXODWLRQ ,PSRUWDQWO\ WKH DFRXVWLF SURSDJDWLRQ DW WKH WZR
VLWHVLVGLIIHUHQWVRWKDWWKHUHODWLRQVKLSEHWZHHQUHFHLYHGQRLVH
OHYHO DQG GLVWDQFH IURP WKH VRXUFH GLIIHUV EHWZHHQ WKH WZR
VLWHV%RWKGLVWDQFH WR WKH VRXUFHDQG UHFHLYHG OHYHOPD\EH
LPSRUWDQWLQZKDOHUHVSRQVHVDQGWKLVDOORZVXVWRVHSDUDWHWKH
HIIHFWV7KHSURJUDPRIH[SHULPHQWVLV
 ([SHULPHQW(DVWFRDVWXVLQJDVLQJOHFXLQDLUJXQ
 ([SHULPHQW(DVWFRDVWXVLQJIRXUVWDJHVRIUDPSXS
DQGD³KDUGVWDUW´DQGFRPSOHWLRQRIWKHFXLQDLUJXQWULDOV
 ([SHULPHQW:HVWFRDVWUHSHDWLQJDVSHFWVRIWKHHDVW
FRDVWH[SHULPHQWV
 ([SHULPHQW:HVWFRDVWIXOO\RSHUDWLRQDOFRPPHUFLDO
DUUD\ZLWKUDPSXS
7KH KDUG VWDUW XVHG VWDJH  RI WKH UDPSXS  FX LQ
WKHRUHWLFDOO\G%LQOHYHODERYHWKDWRIWKHFXLQDLUJXQ
7KLV LVDQDOWHUQDWLYHPLWLJDWLRQWRUDPSXS7KHLGHD LV WKDW
XVLQJDKLJKHUOHYHOLVPRUHOLNHO\WRJHWWKHZKDOHV¶DWWHQWLRQ
DQGWKHKRSHLVWKDWWKH\DUHPRUHOLNHO\WRPRYHDZD\:KLOH
WKLVLVQRWJHQHUDOO\XVHGZHLQFOXGHGLWLQRXUH[SHULPHQWVWR
KHOSSURYLGHPDWHULDOWRXQGHUVWDQGKRZHIIHFWLYHUDPSXSLV
DQGKRZWKLVPLJKWEHLPSURYHG
7ULDOVZLWKWKHFXLQDLUJXQLQYROYHGWRZLQJWKHDLUJXQ
RQWZRSDWKVRQHIURPVRXWKWRQRUWKLQWRWKHPLJUDWLRQDQG
RQHIURPZHVWWRHDVWDFURVVWKHPLJUDWLRQ7KLVDOORZHGXVWR
WHVWWKHHIIHFWRIWZRWRZSDWKV$OWKRXJKWKHPLJUDWLQJZKDOHV
DUHPRYLQJ LQ D JHQHUDO VRXWKERXQG GLUHFWLRQ WKHUH LV D ORW
RIPHDQGHULQJ)RUWKHUDPSXSDQGKDUGVWDUWWKHDUUD\ZDV
WRZHGIURPZHVWWRHDVW
([SHULPHQW  RII WKH ZHVW FRDVW LV LQWHQGHG WR PDWFK
DVSHFWV RI ([SHULPHQW  RII 4XHHQVODQG WR DOORZ XV WR
FRPSDUH WKH HIIHFWV RQ WKH UHVXOWV RI ZKDOH SRSXODWLRQ DQG
WKH HQYLURQPHQW HJ SURSDJDWLRQ %HFDXVH RI WKH JUHDWHU
GLVWDQFHIURPVKRUHLWZLOOQRWEHSRVVLEOHWRPDNHVKRUHEDVH
REVHUYDWLRQV VXFK DV WKHRGROLWH WUDFNLQJ DQG RSHUDWLRQVZLOO
EHHQWLUHO\ERDWEDVHG2II3HUHJLDQIRFDOIROORZREVHUYDWLRQV
ZHUHGRQHERWKIURPVKRUHDQGIURPVPDOOERDWVDOORZLQJD
FRPSDULVRQRIWKHHIIHFWLYHQHVVRIERWK7KHPRRUHGDFRXVWLF
DUUD\ZLOOQRWEHXVHGRIIWKHZHVWFRDVWEHFDXVHRIWKHJUHDWHU
GLVWDQFHIURPVKRUH7KHPRRUHGORJJHUVZLOOEHGHSOR\HGLQD
ZD\WKDWZLOODOORZDFRXVWLFWUDFNLQJGXULQJDQDO\VLVDIWHUWKH
H[SHULPHQWV7KH\ZLOOLQFOXGHPHWKRGVRIV\QFKURQLVLQJWKH
WLPLQJEHWZHHQORJJHUVHJE\XVHRISLQJHUVWRDOORZVRXUFH
ORFDOLVDWLRQLQODWHUDQDO\VLV
([SHULPHQWDOGHVLJQ
7KH %5$+66 H[SHULPHQWDO GHVLJQ IROORZV WKH ³EHIRUH
GXULQJDQGDIWHU´%'$PHWKRGLQZKLFKWKHWUHDWPHQWQRLVH
H[SRVXUH RU FRQWURO RFFXUV LQ WKH ³GXULQJ´ SKDVH ZKHUHDV
WKHUHLVQRWUHDWPHQWLQWKH³EHIRUH´DQG³DIWHU´SKDVHV(DFK
SKDVHODVWVIRUKH[FHSWIRUUDPSXSIRUZKLFKWKHWUHDWPHQW
ODVWV RQO\  PLQ 2EVHUYDWLRQV RI ZKDOH EHKDYLRXU DUH
FRQGXFWHGIRUDOOSKDVHVWKXVDOORZLQJDFRPSDULVRQEHWZHHQ
WKHSKDVHV7KHDLUJXQDUUD\LVWRZHGIRUWKH³GXULQJ´SKDVH
EXW WKHYHVVHO DQGDUUD\DUHHIIHFWLYHO\ VWDWLRQDU\GXULQJ WKH
³EHIRUH´DQG³DIWHU´SKDVHV,QWKH³H[SRVXUH´WUHDWPHQWVWKH
DLUJXQVDUH¿UHGLQWKH³GXULQJ´SKDVHDWVLQWHUYDOVZKLOH
EHLQJWRZHGDWNQRWVNPK,QFRQWUROWUHDWPHQWVWKHDLU
JXQVDUHWRZHGLQWKH³GXULQJ´SKDVHDWWKHVDPHVSHHGEXWDUH
QRW¿UHG7KHUHDUHDOVRREVHUYDWLRQVRIZKDOHEHKDYLRXUDQG
WKHRWKHUYDULDEOHVZKHQWKHVRXUFHYHVVHOLVDEVHQWWRSURYLGH
DFRQWUROIRUWKHSUHVHQFHRIWKHYHVVHO7KHQXPEHURIFRQWUROV
DUHSODQQHGWRHTXDOWKHQXPEHURIWUHDWPHQWVZLWKWKHDLUJXQV
RSHUDWLQJ
%HKDYLRXUDOREVHUYDWLRQVDQGPHDVXUHPHQWV
([SHULPHQWVDQGKDYHEHHQFRPSOHWHGVXFFHVVIXOO\
RII 3HUHJLDQ %HDFK 7KH VWXG\ VLWH LV VKRZQ LQ )LJXUH 
$FWLYLWLHVZHUHFRRUGLQDWHGIURPDEDVHVWDWLRQLQDQDSDUWPHQW
EXLOGLQJDWWKHVRXWKHUQHQGRI3HUHJLDQEHDFK)LJXUH7KH
IROORZLQJGHVFULEHVWKHREVHUYDWLRQVSODWIRUPVLQ([SHULPHQW
ZKLFKZHUHVLPLODU WR WKRVHRI([SHULPHQWZLWKVRPH
DGGLWLRQVWKRXJKWUHDWPHQWVZHUHGLIIHUHQWDVVKRZQDERYH
0RUHWKDQSHRSOHZHUHRQVLWHIRUWKHH[SHULPHQWLQFOXGLQJ
WKHSURMHFWWHDPVWDIIKLUHGIRUWKHH[SHULPHQWDQGYROXQWHHU
VFLHQWLVWV
7KH DLU JXQ YHVVHO 59 :KDOH 6RQJ D  P VKLS ZDV
RSHUDWHG RXW RI0RRORRODED WR WKH VRXWK RI WKH VLWH ,W DOVR
SURYLGHGDSODWIRUPPDERYHWKHZDWHUIRUREVHUYDWLRQVRI
ZKDOHV LQ WKH YLFLQLW\ RI WKH YHVVHO ERWK WR FROOHFW GDWD RQ
UHVSRQVHVDQGWRSURYLGHLQIRUPDWLRQUHTXLUHGWRHQVXUHWKDWQR
ZKDOHFDPHZLWKLQWKHH[FOXVLRQ]RQHVIRUVWDUWXSRURSHUDWLRQ
RI WKH DUUD\ 7KH H[FOXVLRQ ]RQH ZDV SDUW RI WKHPLWLJDWLRQ
SURFHGXUHV ZKLFK ZHUH EDVHG RQ WKH DYRLGDQFH RI 776 LQ
DFFRUGDQFH ZLWK WKH VDPH FULWHULD DV XVHG LQ WKH$XVWUDOLDQ
VHLVPLFJXLGHOLQHV>@
2EVHUYDWLRQV RI ZKDOH EHKDYLRXU ZHUH PDGH IURP ODQG
E\ WKUHH WHDPVWZR³IRFDO IROORZ´DQGRQH³VFDQ´RQ(PX
0W)LJXUHDQGWZR³IRFDOIROORZ´WHDPVLQDQDSDUWPHQW
EXLOGLQJ&RVWD1RYDDERXWNPWRWKHQRUWKRI(PX0W
%LQRFXODUVZHUHXVHGWRUHFRUGDOOEHKDYLRXUVDQGWKHRGROLWHV
ZHUHXVHGWRWUDFNWKHZKDOHPRYHPHQWV
³)RFDOIROORZ´REVHUYDWLRQVLQYROYHGWKHWHDPVIRFXVVLQJ
RQ RQH JURXS RIZKDOHV DQG IROORZLQJ LW IRU WKH HQWLUH WLPH
LWZDV LQ WKH VWXG\DUHD UHFRUGLQJDOO EHKDYLRXUV DQGZKDOH
SRVLWLRQV7KH³VFDQ´WHDPDWWHPSWHGWRUHFRUGEHKDYLRXUVDQG
SRVLWLRQVRIDOOZKDOHJURXSVSDVVLQJWKURXJKWKHVWXG\DUHD
EXWWKHUHZHUHWRRPDQ\JURXSVWRJHWWKHGHWDLORIREVHUYDWLRQV
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REWDLQHGE\IRFDOIROORZPHWKRGV7ZRRU WKUHHIRFDOIROORZ
VDPSOHVZHUH REWDLQHG IRU HDFK WULDO DQG WKHVH SURYLGHG WKH
REVHUYDWLRQVIRUWKHDQDO\VLVRIUHVSRQVHDWULDOLVRQHWUHDWPHQW
ZLWKWKHVHWRIEHIRUHGXULQJDQGDIWHUREVHUYDWLRQV³6FDQ´
RU ³$G OLE´ REVHUYDWLRQV SURYLGHG WKH FRQWH[W IRU WKH IRFDO
IROORZJURXSVVXFKDVLQWHUDFWLRQEHWZHHQLQGLYLGXDOV
7KH WZRIRFDO IROORZVWDWLRQVDW WKHQRUWKHUQVLWH ORFDWHG
ZKDOHVDVWKH\FDPHSDVW1RRVD+HDGVDQGLQWRWKHQRUWKHUQ
SDUWRIWKHVWXG\DUHD*URXSVRIZKDOHVZHUHFKRVHQIRUIRFDO
IROORZ DQG WUDFNHG XQWLO WKH\ UHDFKHG WKH VRXWKHUQ OLPLWV RI
WKHQRUWKHUQ¿HOGRIYLHZ%\WKHQWKHVRXWKHUQIRFDOIROORZ
WHDPVKDGGHWHFWHGWKHJURXSVDQGVRFRQWLQXHGWRIROORZWKHP
DVWKH\PRYHGVRXWKXQWLOWKH\UHDFKHGWKHOLPLWVRIWKHVWXG\
DUHD
$OO REVHUYHU WHDPV XVHG ODSWRS FRPSXWHUV WR UHFRUG
WKH WKHRGROLWH GDWD GLUHFWO\ DQG WR LQSXW REVHUYDWLRQDO GDWD
9$'$5VRIWZDUHGHYHORSHGIRUWKLVSXUSRVH>@FRQWUROOHG
WKHGDWDLQSXWDQGFDOFXODWHGWKHSRVLWLRQRIHDFKZKDOHIURP
WKHWKHRGROLWHEHDULQJDQGYHUWLFDODQJOH7KH9$'$5GLVSOD\
VKRZHG D PDS RI ZKDOH WUDFNV DQQRWDWHG ZLWK EHKDYLRXUV
$QJOHV IURP FRPSDVVUHWLFXOH ELQRFXODUV ZHUH DOVR XVHG
WR REWDLQ D OHVV DFFXUDWH SRVLWLRQ 9$'$5 DOVR DOORZHG
WKH FROOHFWLRQ RI ZKDOH EHKDYLRXUDO REVHUYDWLRQV ZLWKRXW D
FRUUHVSRQGLQJSRVLWLRQ7KHODSWRSVZHUHOLQNHGE\LQWHUQHWWR
D9$'$5FRPSXWHUDWWKHEDVHVWDWLRQ
7KUHH VPDOO ERDWV ZHUH DOVR XVHG IRU IRFDO IROORZ
REVHUYDWLRQV HDFK IROORZLQJ WKH VHOHFWHG ZKDOH JURXS DW D
GLVFUHHWGLVWDQFHDVLWWUDYHOOHGWKURXJKWKHDUHD'WDJV>@ZHUH
GHSOR\HGIURPWKHERDWVRQDVPDOOQXPEHURIWKHIRFDOJURXS
ZKDOHVIRUWKHGXUDWLRQRIDWULDO7KHVHWDJVIURPWKH:RRGV
+ROH2FHDQRJUDSKLF,QVWLWXWLRQUHFRUGWKHVRXQGUHFHLYHGE\
DK\GURSKRQHLQWKHWDJGHSWKDQG'PRYHPHQWVRIWKHZKDOH
XVLQJPDJQHWRPHWHUVDQGDFFHOHURPHWHUVDOORZLQJDGHWDLOHG
SLFWXUHRIWKHGLYLQJEHKDYLRXUDQGPRYHPHQWVXQGHUZDWHUWR
EHREWDLQHG7KHWDJVDUHKHOGRQE\VXFWLRQFXSVDQGDWWDFKHG
WRWKHEDFNRIDZKDOHXVLQJDORQJSROH'WDJVZHUHDWWDFKHG
SULRUWRWKH³EHIRUH´SKDVHRIDWULDODQGZHUHSURJUDPPHGWR
VWD\RQWKHZKDOHXVXDOO\IRUDERXWIRXUKRXUVWKXVFRYHULQJ
WKHGXUDWLRQRIWKHWULDO'WDJJHGZKDOHVZHUHDOZD\VIRFDOO\
IROORZHGDQGFRQWLQXHGWREHIROORZHGXQWLOWKHWDJGHWDFKHG
+HUYH\ 1RRVD+HDG
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)LJXUH/RFDWLRQRIWKHHDVWFRDVWVWXG\VLWHDW3HUHJLDQ%HDFK/HIWVRXWKHDVWHUQ4XHHQVODQGVKRZLQJ3HUHJLDQUHODWLYHWR%ULVEDQHDQGWKH
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VWDWLRQ(PX0WWKHQRUWKHUQWKHRGROLWHVWDWLRQ&RVWD1RYDDQGWKHILYHK\GURSKRQHEXR\VVKRZQDVWKDWPDGHXSWKHDFRXVWLFDUUD\7KH
PPDQGPGHSWKFRQWRXUVDUHDOVRVKRZQ7KHFXLQHDVWZDUGDQGQRUWKZDUGDQGWKHKDUGVWDUWFXLQDLUJXQDUUD\WRZSDWKV
DUHVKRZQDVUHJXODUGDVKHGOLQHVZKLOHWKHUDPSXSWRZSDWKLVVKRZQDVDVKRUWHUGDVKDQGGRWOLQH*1DQG01DUHJHRGHWLFDQGPDJQHWLF
QRUWKUHVSHFWLYHO\
94 - Vol. 41, No. 1, April 2013                                                                                                        Acoustics Australia
ZKHUHXSRQLWZDVUHWULHYHGDQGWKHGDWDODWHUGRZQORDGHGIURP
LW7KHVPDOOERDWWHDPVUHFRYHUHGWKHWDJVDIWHUHDFKWULDODQG
DOVRREWDLQHGELRSVLHVRIIRFDOIROORZZKDOHVZKHUHSRVVLEOH
$FRXVWLFPHDVXUHPHQWV
:H DLPHG WR FKDUDFWHULVH WKH VRXQG ¿HOG WKURXJKRXW
WKH VWXG\ DUHD VR WKDW WKH VRXQG UHFHLYHG E\ HDFK ZKDOH
GXULQJDWULDOFRXOGEHGHWHUPLQHG:HKDGPXOWLSOHDFRXVWLF
UHFRUGLQJ V\VWHPV GHSOR\HG WKURXJKRXW WKH DUHD 5HFHLYHG
OHYHOPHDVXUHPHQWVSURYLGHGWKHGDWDWRGHYHORSDQHPSLULFDO
SURSDJDWLRQ ORVVPRGHOZKLFKFDQEHXVHG WR LQWHUSRODWH WKH
VRXQG ¿HOG EHWZHHQ DFRXVWLF UHFRUGLQJ V\VWHPV $FRXVWLF
SURSDJDWLRQLQWKHRFHDQLVYHU\YDULDEOH$OWKRXJKWKHUHDUH
D QXPEHURI SURSDJDWLRQPRGHOV WKDW FDQEHXVHG WRSUHGLFW
SURSDJDWLRQ LQ DQ DUHD WKH\ QHHG LQSXW RI HQYLURQPHQWDO
YDULDEOHV SDUWLFXODUO\ DFRXVWLF SURSHUWLHV RI WKH ERWWRP LQ
VKDOORZZDWHU6LQFHWKHH[SHULPHQWVDUHLQVKDOORZZDWHUDQG
WKHUHLVOLPLWHGLQIRUPDWLRQDERXWWKHERWWRPPHDVXUHPHQWRI
SURSDJDWLRQORVVLVLPSRUWDQW
0RRUHGDFRXVWLFORJJHUV
)RXU &XUWLQ &067'672 VHD QRLVH ORJJHUV ZHUH
GHSOR\HGLQWKHVWXG\UHJLRQRYHUWKHSHULRGRIWKHH[SHULPHQWV
WRUHFRUGWKHVLJQDOVIURPWKHDLUJXQDUUD\ZKDOHYRFDOLVDWLRQV
DQGDPELHQWVHDQRLVH7KHORJJHUVZHUHVHWZHLJKWHGRQWKH
VHDEHGZLWKDJURXQGOLQHDWWDFKHGWRDQDFRXVWLFUHOHDVHZLWK
VXEVXUIDFH ÀRDWV )RXU ORJJHUV ZHUH XVHG HDFK GHSOR\HG
IRUDIHZGD\VDWDWLPH7KH\ZHUHWKHQUHFRYHUHGWKHGDWD
GRZQORDGHGDQGWKHQUHGHSOR\HGVRPHLQWKHVDPHSRVLWLRQ
RWKHUVLQQHZSRVLWLRQV$WRWDORISRVLWLRQVQRWVKRZQLQ
)LJXUHZHUHVDPSOHGLQWKHWZRH[SHULPHQWV(DFKORJJHU
KDGDVDPSOLQJUDWHRIN+]DQGWKHLQFRPLQJVLJQDOZDVVSOLW
ZLWKFRQVHFXWLYHE\WHVKDYLQJG%GLIIHUHQFHLQJDLQLQRUGHU
WRDYRLGDQ\RYHUORDGLQJIURPDLUJXQDUUD\VLJQDOVLH WZR
FKDQQHOVZHUHUHFRUGHGZLWKG%GLIIHUHQFHLQJDLQVHWWLQJV
$OOORJJHUVXVHG0DVVD75&K\GURSKRQHVDQGGDWDZHUH
UHFRUGHGLQELWGLJLWDOIRUPDW
0RRUHGK\GURSKRQHDUUD\
$Q DUUD\ RI ¿YH K\GURSKRQH EXR\V ZDV PRRUHG RII
3HUHJLDQ%HDFK7KHEXR\VZHUHDUUDQJHGLQD7VKDSH)LJXUH
ZLWKVHSDUDWLRQRIDGMDFHQWEXR\VEHLQJDERXWP(DFK
EXR\ZDVPRRUHGE\ URSH WR DQDQFKRU DQG WKHK\GURSKRQH
+LJK7HFK,QF+7,0,1ZDVDWWDFKHGQHDUWKHERWWRPRI
WKHURSHVRWKDWLWGLGQRWPRYHPXFKDVWKHEXR\DERYHVZXQJ
DURXQGWKHPRRULQJLQWKHZLQGDQGVHDV7KHFDEOHIURPWKH
K\GURSKRQHUDQXSWKHDQFKRUURSHWRWKHEXR\ZKHUHLWZDV
FRQQHFWHGWRDSUHDPSOL¿HUDQGWKHQWRDZLGHEDQGVRQREXR\
)0WUDQVPLWWHULQWKHEXR\7KHIUHTXHQF\UHVSRQVHZDVZLWKLQ
G%RYHUWKHIUHTXHQF\UDQJHRI+]WRN+]
7KH VLJQDOV IURP WKH EXR\V ZHUH UHFHLYHG E\ D <DJL
DQWHQQD PRXQWHG RQ WKH EDVH VWDWLRQ DVKRUH DQG FRQQHFWHG
WR D IRXUFKDQQHO W\SH  VRQREXR\ UHFHLYHU DQG D VLQJOH
FKDQQHOFXVWRPEXLOWVRQREXR\UHFHLYHU7KHRXWSXWVRIWKHVH
UHFHLYHUVZHUHVSOLWWKHVLJQDOVVHQWWRWZRGHVNWRSFRPSXWHUV
2QH GHVNWRS FRPSXWHU ZLWK ,VKPDHO VRIWZDUH >@ UHFRUGHG
WKHGDWDWRDQH[WHUQDOKDUGGULYH7KHVHFRQGFRPSXWHUXVHG
,VKPDHOVRIWZDUHWRWUDFNYRFDOLVLQJZKDOHVIURPWKHDFRXVWLF
DUULYDO WLPHGLIIHUHQFHVEHWZHHQK\GURSKRQHSDLUV DQG WKHVH
ORFDWLRQVZHUHDOVRH[SRUWHGLQWR9$'$5+HQFHWKH9$'$5
SORWV VKRZHGYLVXDOO\DQGDFRXVWLFDOO\GHULYHGZKDOH WUDFNV
DQQRWDWHGZLWKEHKDYLRXUDORQJZLWKWUDFNVRIWKHVRXUFHDQG
RWKHUYHVVHOV7KHGLVSOD\VZHUHXSGDWHGLQFORVHWRUHDOWLPH
9$'$5 DOVR FDOFXODWHG WKH FXPXODWLYH VRXQG H[SRVXUH RI
HDFKZKDOHWKDWFDPHFORVHWRWKHDLUJXQDUUD\DQGWKHDUUD\
ZDVVKXWGRZQZKHQWKH6(/UHDFKHGG%UH3DVWKH
FULWHULRQIRUWKHRQVHWRI776XVHGLQWKH$XVWUDOLDQ6HLVPLF
*XLGHOLQHV >@ZKLFK LV FRQVLVWHQWZLWK WKH YDOXH FKRVHQ LQ
UHIHUHQFH
:KDOH WUDFNV GHWHUPLQHG IURP YLVXDO REVHUYDWLRQV DUH
QRWH[SHFWHG WRFRUUHODWHZLWK WKRVHGHWHUPLQHGDFRXVWLFDOO\
H[FHSW LQEURDG WHUPV9LVXDOREVHUYDWLRQVDUH OLPLWHG WR WKH
WLPHVZKHQWKHZKDOHLVDWWKHVXUIDFHEXWDFRXVWLFSRVLWLRQV
FDQ RQO\ EH GHWHUPLQHG ZKHQ WKH YRFDOLVLQJ ZKDOH LV
VXEPHUJHG$V WKH YRFDOLVLQJZKDOH DSSURDFKHV WKH VXUIDFH
WKHLQWHUIHUHQFHEHWZHHQWKHVRXUFHDQGLWVRXWRISKDVHVXUIDFH
LPDJHUHVXOWVLQLQFUHDVLQJFDQFHOODWLRQZLWKWKHUHVXOWWKDWWKH
UHFHLYHGDFRXVWLFVLJQDOIDGHVRXW+RZHYHUFRPSDULVRQRIWKH
YLVXDODQGDFRXVWLFWUDFNVSURYLGHVLGHQWL¿FDWLRQRIZKLFKRI
WKHYLVXDOO\WUDFNHGZKDOHVLVYRFDOLVLQJLQIRUPDWLRQZKLFKLV
LPSRUWDQWLQXQGHUVWDQGLQJWKHEHKDYLRXU7KHDFRXVWLFWUDFNV
SURYLGHLQIRUPDWLRQDERXWWKHPRYHPHQWVRIWKHVLQJHUZKLOH
VXEPHUJHG
'ULIWLQJUHFRUGLQJV\VWHPV
7ZR GULIWLQJ K\GURSKRQH EXR\VZHUH DOVR XVHG (DFK RI
WKHVH KDG D YHUWLFDO DUUD\ RI IRXU K\GURSKRQHV +LJK 7HFK
,QF+7,0,1VHWDWGHSWKVRIDQGP7KHVH
UHFRUGHGWRDQRQERDUGFKDQQHO6RXQG'HYLFHV7GLJLWDO
UHFRUGHU7KH\ZHUH GHSOR\HG IURP WKH VPDOO YHVVHOV GXULQJ
IRFDOIROORZVDW WKHVWDUWRIHDFKH[SRVXUHRU³GXULQJ´SKDVH
DQGFROOHFWHGODWHULQWKHGD\7KHVHV\VWHPVSURYLGHGVDPSOHV
RIWKHVRXQG¿HOGDVDIXQFWLRQRIGHSWKLQWKHZDWHUFROXPQ
DVZHOODVWKHUHFHLYHGOHYHOQHDUWKHIRFDOIROORZZKDOHV7KH
V\VWHPUHVSRQVHZDVZLWKLQG%IURP+]WRN+]
6WDWLVWLFDOPRGHOOLQJ
6WDWLVWLFDODQDO\VLVLVXVLQJJHQHUDOL]HGOLQHDUPL[HGPRGHOV
*/00 LQFRUSRUDWLQJ ¿[HG HIIHFWV FRYDULDWHV DQG UDQGRP
HIIHFWV 7KHVH DUH JHQHUDWHG XVLQJ WKH VWDWLVWLFDO VRIWZDUH
SDFNDJH µ5¶ 5 )RXQGDWLRQ IRU 6WDWLVWLFDO &RPSXWLQJ 7KLV
DQDO\VLV IROORZV FORVHO\ WKDW XVHG IRU SUHYLRXV SOD\EDFN
H[SHULPHQWVRQWKHHDVWFRDVW%HKDYLRXUDOUHVSRQVHYDULDEOHV
IURP WKH IRFDO IROORZ GDWD LQFOXGH PHDVXUHV RI FRXUVH DQG
VSHHGPHDVXUHVDVVRFLDWHGZLWKGLYHSUR¿OHUDWHVRIYDULRXV
VXUIDFHEHKDYLRXUVDQGYRFDOLVDWLRQSDUDPHWHUV
%HKDYLRXUDOUHVSRQVHVDUHEHLQJPRGHOOHGXVLQJ*/00V
ZLWK DSSURSULDWH FKRLFH RI OLQN DQG GLVWULEXWLRQ IXQFWLRQV
GHSHQGLQJRQWKHGLVWULEXWLRQRIWKHUHVSRQVHYDULDEOH)L[HG
HIIHFWV WKRVH ZKLFK DUH GHWHUPLQHG E\ WKH H[SHULPHQWHU
LQFOXGHH[SRVXUHH[SRVHGQRQH[SRVHGWUHDWPHQWVLQJOHDLU
JXQPXOWLSOHDLUJXQVUDPSXSIXOODUUD\DQGFRQWUROVWRZ
&067&HQWUHIRU0DULQH6FLHQFHDQG7HFKQRORJ\'672'HIHQFH6FLHQFHDQG7HFKQRORJ\2UJDQLVDWLRQ
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SDWKH[SHULPHQWDOSHULRGEHIRUHGXULQJDQGDIWHUH[SRVXUH
DQGVRFLDOFRQWH[WJURXSFRPSRVLWLRQJURXSVRFLDOEHKDYLRXU
QHDUHVW VLQJLQJ ZKDOH DQG QHDUHVW QHLJKERXU &RYDULDWHV
RWKHUYDULDEOHV WKDWPLJKWDIIHFW WKH UHVXOWV LQFOXGLQJDUUD\
SUR[LPLW\ DUUD\ PRYHPHQW UHFHLYHG OHYHO DQG EDFNJURXQG
QRLVH ZLOO EH LQFRUSRUDWHG DV DGGLWLYH DQGRU LQWHUDFWLYH
HIIHFWV
5DQGRP HIIHFWV DUH WKRVHZKHUH WKH HIIHFWV DUH DVVXPHG
WR EH UDQGRPO\ VHOHFWHG IURP DQ LQ¿QLWH SRSXODWLRQ RI
SRVVLEOHHIIHFWV LQ WKLVFDVH WKHVHOHFWLRQRI WKHJURXSV WKDW
IRUP WKH VDPSOH 7KH YDULDQFH IURP WKLV µUDQGRP HIIHFW¶ LV
DOVR LQFOXGHG LQ WKHPRGHO7KH XVH RI DPL[HGPRGHO DOVR
DOORZV WKH LQFRUSRUDWLRQ RI WKH YDULDQFH DVVRFLDWHG ZLWK
XVLQJ PRUH WKDQ RQH REVHUYDWLRQ SHU H[SHULPHQWDO XQLW LH
ZKHUHPXOWLSOHPHDVXUHPHQWVDUHWDNHQRQDVLQJOHVXEMHFWD
UHSHDWHGPHDVXUHVGHVLJQ7KHVHTXHQFHRIEHKDYLRXURIWKH
IRFDOIROORZHGJURXSVIDOOVLQWRWKLVFDWHJRU\(YHQWKRXJKWKH
EHKDYLRXURI DJURXSPD\FKDQJH DV WKH H[WHUQDO FRQGLWLRQV
FKDQJHGLIIHUHQWREVHUYDWLRQVDUHQRWLQGHSHQGHQWEHFDXVHLW
LVWKHVDPHJURXSDQGEHKDYLRXUDWDQ\WLPHPD\GHSHQGRQDQ
HDUOLHUEHKDYLRXU
*HQHUDWHGPRGHOVZLOOEHFRPSDUHGXVLQJOLNHOLKRRGUDWLR
WHVWVDQG$,&$NDLNH,QIRUPDWLRQ&ULWHULRQVFRUHVWRDVVHVV
ZKLFKPRGHO LH FRPELQDWLRQRI¿[HG IDFWRUV EHVW H[SODLQ
WKH GDWD 0XOWLYDULDWH DQDO\VLV PHWKRGV PD\ DOVR EH XVHG
ZKLFKZLOOLQFRUSRUDWHDQXPEHURIUHVSRQVHYDULDEOHVLQWRWKH
PRGHODQGWKHUHIRUHGHWHUPLQHWKHPXOWLYDULDWHUHVSRQVH
7KH¿QDOUHVXOWLVH[SHFWHGWREHDGRVHUHVSRQVHLQZKLFK
WKH GRVH GHSHQGV RQ PXOWLSOH YDULDEOHV LQ DGGLWLRQ WR WKH
UHFHLYHGQRLVHH[SRVXUHOHYHO
352*5(66
7KH¿UVWWZRH[SHULPHQWVZHUHFRPSOHWHGVXFFHVVIXOO\DQG
PRUHWKDQIRFDOIROORZVZHUHREWDLQHGH[FHHGLQJWKHWDUJHW
VDPSOHVL]HHDFKZLWKDODUJHQXPEHURIREVHUYDWLRQVOHDGLQJ
WRDOPRVWOLQHVRIGDWD7KHSURFHVVLQJRIWKHGDWDLQWR
DIRUPVXLWDEOHIRUDQDO\VLVLVQRZODUJHO\FRPSOHWHIRUERWK
([SHULPHQWDQG7KLVLQYROYHGWKHFDWDORJXLQJRIGDWD
WKHUHFRQFLOLDWLRQEHWZHHQSODWIRUPVVWULQJHQWTXDOLW\FRQWURO
DQG WKH JHQHUDWLRQ RIPHDQLQJIXOPHWULFV RI EHKDYLRXU7KH
GDWDZHUHWKHQH[SRUWHGIURP9$'$5LQWR([FHOVSUHDGVKHHWV
ZKLFKZHUHVXEMHFWWRPRUHTXDOLW\FRQWUROSURFHGXUHVEHIRUH
EHLQJDSSHQGHG LQWRRQHFRPSOHWHGDWD VSUHDGVKHHW IRUHDFK
H[SHULPHQW7KLVKDVSURYHGWREHDVXEVWDQWLDOWDVNEHFDXVHRI
WKHODUJHQXPEHURIYDULDEOHVDQGREVHUYDWLRQDQGPHDVXUHPHQW
SODWIRUPV:HDUHQRZPRYLQJ LQWR WKH VWDWLVWLFDOPRGHOOLQJ
VWDJHDQGVRPHSUHOLPLQDU\PRGHOOLQJKDVEHHQGRQHWRFKHFN
WKHLQWHJULW\RIWKHSURFHVVHGGDWD
6RPH SUHOLPLQDU\ PHDVXUHPHQWV RI WKH VRXQG OHYHOV
UHFHLYHGIURPWKHDLUJXQDUUD\IRUHDFKVWDJHUHODWLYHWRWKDWRI
VWDJHFXLQDLUJXQLQ([SHULPHQWDUHJLYHQLQ7DEOH
7KHVHZHUHPDGHGXULQJIRXUWHVWUXQV2QHVWDJHRIUDPS
XSZDV¿UHGWKURXJKRXWHDFKUXQZLWKWKHDUUD\WRZHGHLWKHU
WRZDUGVWKHQRUWKRUWKHVRXWKDWDGLVWDQFHRINPWRWKHZHVW
RIWKHUHFHLYLQJK\GURSKRQH$UXQZDVDERXWNPLQOHQJWK
FHQWUHG RQ WKH SRLQW RI FORVHVW DSSURDFK WR WKH K\GURSKRQH
&RUUHFWLRQVKDYHEHHQPDGH IRU WKHEURDGEDQGSURSDJDWLRQ
ORVVGLIIHUHQFHVGXHWRYDULDWLRQVLQWKHGLVWDQFHEHWZHHQWKH
DUUD\DQGWKHUHFHLYHURYHUWKHUXQV
 7KH DLU JXQ VLQJDOV ZHUH UHFRUGHG RQ DQ 0$XGLR
0LFUR7UDFN GLJLWDO UHFRUGHU IURP D+LJK7HFK ,QF+7,
0,1K\GURSKRQHVXVSHQGHGRYHUWKHVLGHRIDVPDOOERDW$W
OHDVWVDPSOHVRIHDFKVWDJHZHUHPHDVXUHG7KHVRXUFHOHYHO
RIWKHFXLQDLUJXQZDVPHDVXUHGLQ([SHULPHQWPXFK
FORVHU WR WKHDUUD\ DQG IRXQG WREHG% UH3DV7KH
PHDVXUHPHQWV KDYH QRW \HW EHHQ FRUUHFWHG IRU GLIIHUHQFHV
LQ WKHSURSDJDWLRQ ORVVEHWZHHQHDFKVWDJHGXH WR IUHTXHQF\
GHSHQGHQFHRIWKHSURSDJDWLRQODUJHUDUUD\FDSDFLWLHVWHQGWR
KDYHPRUHHQHUJ\DWORZHUIUHTXHQFLHV)UHTXHQF\GHSHQGHQW
SURSDJDWLRQ LV OLNHO\ WR YDU\ WKH UHODWLYH GLIIHUHQFH LQ OHYHO
EHWZHHQ VWDJHV DV D IXQFWLRQ RI GLVWDQFH 7KLV PD\ H[SODLQ
VRPHRIWKHGLIIHUHQFHEHWZHHQWKHWKHRUHWLFDODQGPHDVXUHG
GLIIHUHQFHVEHWZHHQVWDJHV
7DEOH0HDVXUHPHQWVRIVRXQGOHYHOVRIWKHVWDJHVRIWKHDLUJXQDUUD\
UHODWLYHWRWKHOHYHORIVWDJHDVUHFHLYHGDWDGLVWDQFHRIDERXWNPWR
WKHHDVWRIWKHDUUD\)RUHDFKDLUJXQVWDJHWKHUHVXOWVDUHWKHDYHUDJH
RIRUPRUHVDPSOHVWDNHQRYHUWKHGXUDWLRQRIWKHWHVWIRUWKDWVWDJH
7KHOHYHOVZHUHPHDVXUHGRYHUWKHIUHTXHQF\EDQG+]WRN+]
PRVW RI WKH HQHUJ\ ZDV EHWZHHQ  +] DQG  N+] ³6W 'HY´ LV
WKH VWDQGDUG GHYLDWLRQ FDOFXODWHG IURP WKH GHFLEHO YDOXHV RI WKH
GLIIHUHQFHLQOHYHOEHWZHHQHDFKVWDJHDQGVWDJHRYHUWKHVDPSOH
7KHUHVXOWVPD\FKDQJHVOLJKWO\DIWHUFRUUHFWLRQIRUWUDQVPLVVLRQORVV
6WDJH 6(/UHVWDJH
G%PHDVXUHG
6(/UHVWDJH
G%DVGHVLJQHG
6W'HYG%
   
   
   
,Q([SHULPHQWWKHFXLQDLUJXQZDVWRZHGDORQJWZR
SDWKVRQHWRWKHQRUWKDQGRQHWRWKHHDVWWKURXJKSDUWRIWKH
VWXG\DUHDZKLOHWKHPRRUHGDFRXVWLFORJJHUVZHUHGHSOR\HG
DWDWRWDORIGLIIHUHQWSRVLWLRQV7KLVSURYLGHGSURSDJDWLRQ
ORVVPHDVXUHPHQWVRYHUPDQ\SDWKVEHWZHHQ WKH VRXUFH DQG
WKHUHFHLYHUV7KHUHVXOWVVKRZHGWKDWZKLOHWKHUHFHLYHGOHYHO
DVDIXQFWLRQRIGLVWDQFHZDVJHQHUDOO\FRQVLVWHQWWKURXJKRXW
WKHDUHDWKHUHZHUHVLJQL¿FDQWSDWFKHVZKHUHWKHSURSDJDWLRQ
ZDVDQRPDORXVVKRZLQJDPXFKODUJHUGHFUHDVHLQOHYHOZLWK
LQFUHDVLQJ GLVWDQFH WKDQ REVHUYHG RYHU WKH UHVW RI WKH DUHD
7KHVH ZRXOG KDYH VLJQL¿FDQWO\ DIIHFWHG VRXQG H[SRVXUH RI
ZKDOHVRYHURUEH\RQG WKHSDWFKHV&RQVHTXHQWO\ D VHDEHG
VXUYH\ZDVFRQGXFWHG LQ WKH VHFRQG([SHULPHQWDQG WKLV
VKRZHGH[SRVHGURFNLQWKHSDWFKHVRIDQRPDORXVSURSDJDWLRQ
ORVV
7KUHH VRQDU XQLWV XQGHUZDWHU YLGHR WUDQVHFWV DQG JUDE
VDPSOHVZHUHXVHGWRVXUYH\SDWFKHVRIWKHVHDEHGZKHUHWKH
PHDVXUHPHQWVRISURSDJDWLRQORVVKDGVKRZQDQRPDORXVO\
KLJKORVV7KHSXUSRVHZDVWRGHWHUPLQHWKHQDWXUHRIWKHVHD
EHGWRLPSURYHWKHHPSLULFDOPRGHORISURSDJDWLRQORVVIRUWKH
DUHD)RXUVHDEHGW\SHVZHUHLGHQWL¿HG>@VDQGERWK
ÀDWDQGZLWKVPDOOULSSOHVVKHOO\VDQGZKLFKDSSHDUHGDV
ODUJHVDQGZDYHVZLWKVKHOOGHSRVLWV LQWKHWURXJKVVKHOO
ZLWKUHHISODWIRUPIRXQGDWWKHHGJHVRIH[SRVHGUHHIDQG
H[SRVHGUHHISODWIRUPV7KHH[SRVHGUHHISODWIRUPFRUUHODWHG
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LQVSDFHZLWK WKHPHDVXUHGKLJK WUDQVPLVVLRQ ORVV W\SHVDQG
SURYLGHGDPDSRIDUHDVRIDQRPDORXVSURSDJDWLRQ
6800$5<
%5$+66 LV D PXOWLGLVFLSOLQDU\ EHKDYLRXUDO UHVSRQVH
VWXG\ LQYROYLQJ IRXUPDMRU H[SHULPHQWV LQ$XVWUDOLDQZDWHUV
LQ ZKLFK KXPSEDFN ZKDOHV DUH H[SRVHG WR YDULRXV OHYHOV
RI QRLVH IURP VHLVPLF DLU JXQ DUUD\V 7KH H[SHULPHQWV DUH
ORJLVWLFDOO\ FRPSOLFDWHG ,Q ([SHULPHQW  WKHUH ZHUH QLQH
VHSDUDWHEHKDYLRXUDOREVHUYDWLRQSODWIRUPVDQGVHYHQDFRXVWLF
UHFRUGLQJ V\VWHPV SURYLGLQJPHDVXUHPHQWV RI DZLGH UDQJH
RI YDULDEOHV OLNHO\ WR DIIHFW WKH UHVSRQVH RI ZKDOHV WR WKH
QRLVHH[SRVXUH([SHULPHQWVDQGKDYHEHHQFRPSOHWHG
VXFFHVVIXOO\RII WKHHDVWFRDVWREWDLQLQJDQDGHTXDWHVDPSOH
VL]HIRUWKHREVHUYDWLRQVRIUHVSRQVH([SHULPHQWVDQG
ZLOOEHRIIWKHZHVWFRDVWLQDQGUHVSHFWLYHO\
6XFK D FRPSUHKHQVLYH SURMHFW UHVXOWV LQ D VXEVWDQWLDO
DPRXQWRIGDWDDQGFRQVHTXHQWO\VXEVWDQWLDOHIIRUWLVUHTXLUHG
WR FRQVROLGDWH WKH GDWD WR FRRUGLQDWH REVHUYDWLRQV EHWZHHQ
SODWIRUPVDQGIRUTXDOLW\FRQWURO6WDWLVWLFDOPRGHOOLQJLVQRZ
LQSURJUHVV
7KH DFRXVWLF PHDVXUHPHQWV VKRZ WKH LPSRUWDQFH RI
PHDVXULQJSURSDJDWLRQ LQ EHKDYLRXUDO UHVSRQVH H[SHULPHQWV
:LWKRXWWKDWZHZRXOGQRWEHDZDUHRIWKHKLJKORVVSDWFKHV
DQGZRXOGQRWEHDEOHWRDOORZIRUWKHUDSLGGHFOLQHLQUHFHLYHG
OHYHO DWZKDOHV RYHU RU EH\RQG WKHVH SDWFKHV UHODWLYH WR WKH
VRXUFH OHDGLQJ WR VLJQL¿FDQWO\ LQFUHDVHG XQFHUWDLQW\ LQ WKH
UHVXOWV
$&.12:/('*(0(176
:H WKDQN WKHPDQ\ SHRSOH ZKR KDYH FRQWULEXWHG WR WKH
%5$+66 SURMHFW DQG WDNHQ SDUW LQ WKH H[SHULPHQWV 0RUH
WKDQSHRSOHZHUH LQYROYHG LQ WKHH[SHULPHQWV VHHZZZ
%5$+66RUJDX IRU DOO QDPHV $QQH *ROGL]HQ SURYLGHG
DGYLFH RQ VWXG\LQJ DQLPDO EHKDYLRXU DQG 6LPRQ %ORPEHUJ
DGYLFHRQWKHVWDWLVWLFDOPRGHOOLQJ*HRNLQHWLFV,QF%ULVEDQH
SURYLGHGDQGRSHUDWHGWKHDLUJXQDUUD\IRU([SHULPHQW
%5$+66 LV IXQGHGE\ WKH -RLQW ,QGXVWU\3URJUDPPHRQ
(	36RXQG DQG0DULQH/LIH -,3 DQGE\ WKH8QLWHG6WDWHV
%XUHDXRI2FHDQ(QHUJ\0DQDJHPHQW %2(07KLV LVSDUW
RI WKH -,3 EURDG LQYHVWLJDWLRQ LQWR WKH SRWHQWLDO LQWHUDFWLRQ
EHWZHHQWKHVRXQGVWKDWDUHJHQHUDWHGE\WKHRIIVKRUHLQGXVWU\
DQG WKH PDULQH HQYLURQPHQW 7KH -,3 LV PDQDJHG E\ WKH
,QWHUQDWLRQDO$VVRFLDWLRQ RI 2LO DQG *DV 3URGXFHUV 2*3
7KH -RLQW ,QGXVWU\6SRQVRUV DUH([[RQ0RELO&KHYURQ(QL
6WDWRLO &RQRFR3KLOOLSV %* *URXS %+3 %LOOLWRQ 6DQWRV
DQG:RRGVLGH7KH ,QWHUQDWLRQDO$VVRFLDWLRQRI*HRSK\VLFDO
&RQWUDFWRUV,$*&LVDOVRDFRQWULEXWRU$GGLWLRQDOVSRQVRUV
DUH2ULJLQ(QHUJ\%HDFK(QHUJ\DQG$:(
5()(5(1&(6
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 'HWHUPLQLQJ ZKHQ QRLVH FDXVHV ELRORJLFDOO\
VLJQLILFDQWHIIHFWV1DWLRQDO$FDGHPLHV3UHVV:DVKLQJWRQ'&
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%RURZVNL´
$XVWUDOLDQ -RXUQDO RI 0DULQH DQG )UHVKZDWHU 5HVHDUFK 

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
 VXUYH\DQGXSGDWH´3DSHU WR WKH ,QWHUQDWLRQDO:KDOLQJ
&RPPLVVLRQ6FLHQWLILF&RPPLWWHH7URPV¡1RUZD\0D\
-XQH6&6+
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5H[VWDG ³6RXWKHUQ+HPLVSKHUH%UHHGLQJ6WRFN'KXPSEDFN
ZKDOH SRSXODWLRQ HVWLPDWHV IURP 1RUWK:HVW &DSH:HVWHUQ
$XVWUDOLD´ -RXUQDO RI &HWDFHDQ 5HVHDUFK DQG0DQDJHPHQW

>@ 5 3DWHUVRQ DQG 3 3DWHUVRQ ³7KH VWDWXV RI WKH UHFRYHULQJ
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$XVWUDOLDQZDWHUV´%LRORJLFDO&RQVHUYDWLRQ
>@ '+ &DWR ³6RQJV RI KXPSEDFN ZKDOHV WKH $XVWUDOLDQ
SHUVSHFWLYH´0HPRLUVRIWKH4XHHQVODQG0XVHXP
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
>@ 5' 0F&DXOH\ 010 -HQQHU .&6 -HQQHU .$ 0F&DEH
DQG-0XUGRFK³7KHUHVSRQVHRIKXPSEDFNZKDOHV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RIREVHUYDWLRQVDERXWDZRUNLQJVHLVPLFYHVVHODQGH[SHULPHQWDO
H[SRVXUHV´ $33($ $XVWUDOLDQ 3HWUROHXP 3URGXFWLRQ DQG
([SORUDWLRQ$VVRFLDWLRQ-RXUQDO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DQG WHPSRUDO PRYHPHQWV RI KXPSEDFN ZKDOHV LQ :HVWHUQ
$XVWUDOLDQ ZDWHUV´$33($ $XVWUDOLDQ 3HWUROHXP 3URGXFWLRQ
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 DQDO\VLV DQG
SURSDJDWLRQ RI DLUJXQ VLJQDOV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$QRQ
(QYLURQPHQWDOLPSOLFDWLRQVRIRIIVKRUHRLODQGJDVGHYHORSPHQW
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1RYHPEHU7KHFRQJUHVVYHQXHLVWKH0HOERXUQH&RQYHQWLRQDQG([KLELWLRQ
&HQWUHZKLFKLVVXSHUEO\ORFDWHGRQWKHEDQNVRIWKH<DUUD5LYHUMXVWDVKRUWVWUROOIURP
WKHFHQWUDOEXVLQHVVGLVWULFW3DSHUVZLOOFRYHUDOODVSHFWVRIQRLVHFRQWUROZLWKDGGLWLRQDO
ZRUNVKRSVDQGDQH[WHQVLYHHTXLSPHQWH[KLELWLRQ WRVXSSRUW WKH WHFKQLFDOSURJUDP7KH
FRQJUHVVWKHPHLV,PSURYLQJWKHZRUOGWKURXJKQRLVHFRQWURO
.H\'DWHV
7KHGDWHVIRU,QWHU1RLVHDUH
$EVWUDFWVXEPLVVLRQGHDGOLQH0D\
3DSHUVXEPLVVLRQGHDGOLQH-XO\
(DUO\%LUG5HJLVWUDWLRQE\-XO\
5HJLVWUDWLRQ)HHV
7KHUHJLVWUDWLRQIHHVKDYHEHHQVHWDV
'HOHJDWH  HDUO\ELUG
6WXGHQW  HDUO\ELUG
$FFRPSDQ\LQJSHUVRQ 
7KH UHJLVWUDWLRQ IHH ZLOO FRYHU HQWUDQFH WR WKH RSHQLQJ DQG FORVLQJ
FHUHPRQLHVGLVWLQJXLVKHGOHFWXUHVDOOWHFKQLFDOVHVVLRQVDQGWKHH[KLELWLRQ
DVZHOODVDERRNRIDEVWUDFWVDQGD&'FRQWDLQLQJWKHIXOOSDSHUV
7KH &RQJUHVV RUJDQLVHUV KDYH LQFOXGHG D OLJKW OXQFK DV ZHOO DV
PRUQLQJDQGDIWHUQRRQ WHDRU FRIIHH DVSDUW RI WKH UHJLVWUDWLRQ IHH
7KHVHUHIUHVKPHQWVZLOOEHSURYLGHGLQWKHYLFLQLW\RIWKHWHFKQLFDO
H[KLELWLRQZKLFKZLOOEHKHOGLQWKH0DLQ)R\HU
7KH&RQJUHVV%DQTXHWLVQRWLQFOXGHGLQWKHUHJLVWUDWLRQIHH
7HFKQLFDO3URJUDP
$IWHUWKHZHOFRPHDQGRSHQLQJFHUHPRQ\RQ6XQGD\1RYHPEHU
WKH IROORZLQJ WKUHH GD\V ZLOO LQYROYH XS WR  SDUDOOHO VHVVLRQV
FRYHULQJ DOO ILHOGV RI QRLVH FRQWURO 0DMRU DUHDV ZLOO LQFOXGH
&RPPXQLW\DQG(QYLURQPHQWDO1RLVH%XLOGLQJ$FRXVWLFV7UDQVSRUW
1RLVH DQG 9LEUDWLRQ +XPDQ 5HVSRQVH WR 1RLVH (IIHFWV RI /RZ
)UHTXHQFLHVDQG8QGHUZDWHU1RLVH
$VHULHVRIGLVWLQJXLVKHGOHFWXUHVZLOOFRYHUWRSLFVVXFKDV
 $FRXVWLFYLUWXDOVRXUFHV
 :LQGWXUELQHQRLVH
 $FWLYHQRLVHFRQWURO
 $LUFUDIWQRLVH
 6RXQGVFDSHV
2UJDQLVLQJDQG7HFKQLFDO&RPPLWWHH
 &RQJUHVV3UHVLGHQW'U1RUP%URQHU
 7HFKQLFDO3URJUDP&KDLU$GMXQFW3URIHVVRU&KDUOHV'RQ
 7HFKQLFDO3URJUDP&R&KDLU$GMXQFW3URIHVVRU-RKQ'DY\
 7HFKQLFDO3URJUDP$GYLVRU0UV0DULRQ%XUJHVV
 3URFHHGLQJV(GLWRU0U7HUU\0F0LQQ
 6SRQVRUVKLSDQG([KLELWLRQ0DQDJHU'U1RUP%URQHU
 &RQJUHVV7UHDVXUHU0V'LDQQH:LOOLDPV
 6RFLDO3URJUDP&KDLU0U*HRII%DUQHV
 &RQJUHVV6HFUHWDULDW0V/L]'RZVHWW
)XUWKHUGHWDLOVDUHDYDLODEOHRQWKHFRQJUHVVZHEVLWH
ZZZLQWHUQRLVHRUJ
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